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AGE AND GROWTH OF CHANNEL CATFISH FROM THE 
DES MOINES RIVER, BOONS COUNTY, IOWA, 1955 and 19561
R, Jess Muncyz 
Department of Zoology and Entomology 
Iowa State University of Science and Technology 
Ames, Iowa 
Abstract 
Age and growth data for channel catfish, Ictalurus punctatus (Rafin-
esque~, from the Des Moines River were determined by three independ-
ent methods. Calculated lengths at the first two annuli as determined 
from pectoral spine cross -sections were shorter than modes far length 
frequency data. Several factors were encountered in the spine technique 
which could cause such variations. Recorded increases in total length 
of some tagged channel catfish exceeded the calculated average i~cre-
ments. In general, the three methods substantiated each other. Less 
growth occurred during 1955 than 1956 probably due to decreasing sum-
mer water levels in 1955. Weight increases more rapidly than the cube 
of the total length. The number of eggs per mature female ranged from 
2, 682-9, 731 and increased with age, length, and weight of the fish. 
Introduction 
Age and growth data were collected on channel catfish taken from the 
Des Moines River, Boone County, Iowa in the vicinity of the Y. M. C.A. 
Camp (R.27W, T.85N, Sec. 35 and 36; R.27W, T.84N, Sec.l and 12) 
during 1955 and 1956. Stream bottom is chiefly sand-gravel, with some 
rubble and boulders and with sand-silt in pools. During low-water stages 
in late summer and fall as much as one-half of the river bed may be 
exposed. The only water exceeding six feet in depth at these times is in 
a few scattered holes. 
Ages of the catfish were determined by counting the rings on cross -
sections from pectoral spines. The use of spine cross -sections for the 
determination of age and calculated growth of channel catfish was first 
described by Sneed (1951. 
1Journal Paper No. J-3688 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1373. Iowa Cooperative 
Fisheries Research Unit sponsored by the Iowa State Conservation Com-
mission and Iowa State University of Science and Technology, with the 
cooperation of the Fish and Wildlife Service, United States Department 
of Interior. 
l Now Fishery Biologist, Chesapeake Biological Laboratory, Solomons, 
Maryland. 
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Determination of Growth from the Spines 
Pectoral spines were removed from the channel catfish in the manner 
described by Sneed (1951) and stored in coin envelopes. Thin cross -
sections of 0. 5 millimeters or less were cut from the dried spines with 
dental separating saw blades. Sections were obtained just above the 
visible terminal portion of the basal groove on the pectoral spine. Pro-
jections of the sections were enlarged for viewing by means of a "Bio-
scope . " Transparency was increased by soaking the smaller sections in 
water and the larger sections in alcohol. Alcohol increased the differ-
entiation of translucent and opaque zones (Prob st and Cooper, 1955). 
Sneed (1951) stated that more accurate measurements of the annuli 
could be determined if measurements were made along the expanded edge 
of the spine cross -sections. Marzolf (1955) made comparisons of age 
and growth measurements using pectoral spines and vertebrae. (Appel-
get and Smith, 1951, used rings on the vertebrae for aging catfish.) After 
using the expanded posterior portion of spine cross-section , Marzolf 
suggested that measurements along the anterior radius of the spine would 
give better results. The annuli on the anterior radius are often so 
crowded as to be difficult to distinguish, however. In the present study, 
relative positions of annuli with respect to center of the lumen and the 
maximum posterior edges were marked where the outer edge of the light 
zone (transmitted light) intercepted a tab board strip placed over the 
projected image. In some instances, the first annulus intercept could 
not be detected on the expanded posterior portion of the spine cross -
sections of older fish. The erosion and loss of the first annulus in spines 
from older fish has been discussed by Marzolf (1955). 
Several variables were noted in the technique of preparing andviewing 
the spine cross -sections which would affect the calculation of a body -
spine relationship. 
1. Difficulties arise in trying to obtain the section from the same 
location in all spines. Since the spine tapers and becomes rounded 
rapidly, adjacent sections decrease in size. Marzolf (1955) illus-
trated the continuous outward change in the basal groove with 
growth. Thus, spine sections cut in relation to the end of the basal 
groove would be located farther toward the tip with increased age. 
Z. The curved shape of the spine causes difficulty in obtaining per-
pendicular sections. Harrison (1955) discussed the problem of 
cutting the spine sections in the same plane and position. 
3. The center of the larger lumen in the spine of older fish was more 
difficult to determine. As previously mentioned, the first annulus 
did not extend around the lumen of cross -sections from older fish. 
In these instances, the questions arose as to whether the center of 
lumen or an estimate of the center of the annulus should have been 
used as the base of spine -radius measurements. 
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4. The maximum expanded portion of all annuli did not always lie in a 
straight line along the maximum radius of spine. 
5. The first annulus was approximately circular around the lumen; 
whereas the other annuli extended more into the expandedposterior 
portion of the spine. In age group II fish, the first annulus width 
would not be out of proportion as much as when compared to other 
annuli of older fish. 
6. The projection instrument, a "Bioscope, " introduced an error into 
the reading of annuli marks ar~d spine radii. Magnification by the 
projector varied in the image field. Using medium power lens 
(lOx~ at the same focus, magnifications of 70 times were obtained 
in the center but magnifications ranged up to 90 times at the edge 
or 28 per cent more than in the center of the image field. This 
distortion increased progressively front the center to the edge of 
the field. Examination of the image field of other projection equip-
ment has revealed that this distortion was not confined to the 
equipment used in this study. 
All of the above variables caused greater errors in measuring the 
radii and annuli of larger cross -sections of older catfish. It was con-
sidered unwise to compute the body-spine relationship and make a mathe-
matical correction since these errors are not constant for fish of all size 
ranges. An approximate growth rate was computed for each fish on the 
assumption that the growth in cross-section of the spine was directly 
proportional to growth in length of the fish. 
Growth Rates of Channel Catfish 
Calculated growth was determined from pectoral spines of 504 chan-
nel catfish collected with nets and electric shocker during 1955 and 1956 
(Table 1). Three additional pectoral spine cross -sections were discarded 
as atypical. Two sections had regenerative growth while the third section 
had an excessive calculated length (19. 8 to 25.1 inches) between annulus 
eight and nine. Because the body-spine relationship was subject to many 
variables, the calculated lengths in Table 1 should only be considered 
approximations. Probably fewer errors are present if comparisons are 
made of the last two or three seasons of growth (Table 2). These data 
indicate that growth was greater in 1954 than in 1953 and 1955. 
Additional data on the growth rates in 1955 and 1956 were obtained 
from length-frequency data of hoopnet and wire trap catches (Figs. 1, 2~. 
The age classes through II are fairly evident from the size distributions. 
The lengths of the age group I fish in the fall are somewhat greater 
than the computed lengths at the second annulus (Table 1), and the same 
is true for the age group II fish with respect to the third annulus, but the 
differences are not great and may easily be caused by the factors con-
sidered in the previous section. Comparisons of peaks at the same time 
of year in 1955 and 1956 indicate that growth (total length was greater 
in 1956. Increase in total length was much slower after July in 1955, 
whereas growth occurred over a longer period in 1956. 
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Figure 1. Length frequencies of channel catfish in hoop net and wire 
tra. catches for 1955, Des Moines River, Iowa. 
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Figure 2. Length frequencies of channel catfish in hoop net and wire 
trap catches for 1956, Des Moines River, Iowa. 
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Table Z. Average calculated grotivth increments (total length in inches 
for last two growth years from channel catfish captured 1955 











Next to last Last 
increment increment 
(1954 growth (1955 growth 
I - - - Z.1 
II 2.4 3. Z 1.7 3.3 
III 3. 4 3. 6 3. 5 Z. 6 
IV Z.8 3.3 3.8 Z.3 
V Z.2 Z.8 3:5 Z.l 
VI Z. 6 3. Z Z. ~ Z. 0 
VII Z.3 Z.3 3.1 Z.1 
VIII 2.3 1.9 Z.9 1.8 
Monel metal strap tags were placed on the opercles of over 3000 
channel catfish (Muncy, 1958. When the tagged fish were recaptured, 
measured, and weighed, further data on the period and amount of growth 
were secured (Table 3). Tagged fish recaptured less than one month 
following release were not included in Table 3. Tagging data also re-
vealed less increase in total length in 1955 than in 1956 with relatively 
small amount of growth of tagged fish in late summer and early fall. 
Loss in length of tagged fish has been reported by Purkett (1957, and 
was observed in 9 cases reported in Table 3. 
Harrison (1957 reported that channel catfish collected throughout the 
Des Moines River completed most of their annual growth by July. He 
thought that the suppressive effect of rough fish on the growth of channel 
catfish was a possible explanation of the slow growth in late summer. 
Other published studies indicated that channel catfish grow in late sum-
mer in other waters. 
The 1955 and 1956 collections were made during a prolonged and 
severe. drought in Iowa as shown by water stage data taken at the Boone 
Water Works Dam (Table 4). Water levels were generally lower in 1956 
than 1955 but did not fall to the extreme levels in late summer months. 
The growth of channel catfish apparently was maintained later in the 
summer in 1956 and 1955, perhaps as a result of fairly stable water 
levels. Water levels in the study area are a primary factor in changing 
the habitat and indirectly the competition. 
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Table 3. Mean increase in total length in inches of channel catfish between tagging 
and recaptures, Des Moines River (Numbers in parentheses indicate 
number of recaptured fish. All others represent single recaptures.) 
Total length 
at tagging 
Date of tagging 
Recapture dates 
1955 1956 
Sept.-Oct. April-May June July August Sept.-Nov. 
7-10 inches 
May 1955 0.7 2.9(2) - - - 3.9 
June 1955 0.6(4) 1.2 3.5(2) - 2.4 
July 1955 0.4 0.3 - - - -0.1 
August 1955 -O.i(2) 0.2(7) 1.3 1.4 -
September 1955 0.1 0. 0.8 - - 2.4(2) 
April 1956 1.3 - 2.8 
May 1956 1.4(2) 1.8(3) 3. 3 
June 1956 - 0.7(3) 1.7(4) 
July 1956 0.5(8) 
August 1956 p, 2 
10-15 inches 
May 1955 3. 8 
June 1955 1.1(3) 
July 1955 0.9(2) 0.4(2) - 
August 1955 
September 1955 0.1(2) 
May 1.956 0.9(3) - 2. 3(3) 
June 1956 0.1(2) 0.3(2) 1.0(3) 
July 1956 0.3(5) 
15-20 inches 
May 1955 1.0 - - -
June 1955 0.1 - - -
July 1955 -0. 3 -0.9 0.0 - - 
September 1955 -0. 3 
May 1956 -0. 3 
June 1956 0.4 0.2 0.3 
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Table 4. Comparison of Des Moines River 1955-56 average monthly 
water level- stages with 15-year average (1933-47 inclusive 
Water gauge reading in feet 
Year May June July August September 
15 year 
average 2.1 2.8 1.4 1.1 1.2 
1955 1.1 1.0 0.85 0.25 0.20 
1956 0.46 0.42 0.40 0.40 0.27 
Z,ength-Weight Relationship 
Ponderal indexes (C) of all channel catfish for which lengths and 
weights were available were computed as follows: 
C = Wx10 5
L 3
where W = weight in pounds 
and L = total length inches . 
Average C values increased with the length of the fish, at least after 
13 inches total length (Table 5~. Comparison of Ponderal indexes for 
fish collected in different months failed to indicate consistent seasonal 
trends. Tagged fish appeared to have about the same Ponderal indexes 
at recapture as untagged fish of the same lengths. 
The mathematical relationship between total length and weight can be 
described by the formula: 
Log W = -1.6561 + 3.1334 Log L. 
For ease in computing the constants in this formula, five channel catfish 
were chosen at random from each half inch size group containing more 
than five individuals and all specimens were used in the other half inch 
size groups. The regression line was then fitted to the logarithms of 
length and weight of 180 fish. The regression coefficient (3.1334 was 
found to be significantly greater than 3.0 at the 0. O1 level of probability 
(t = 4. 85 with 178 degrees of freedom and therefore it may be said that 
the weight increases more rapidly than the cube of the total length. The 
correlation coefficient (r~ was 0.993. 
Conversion factors for various length measurements of the channel 
catfish were determined from 421 fish arranged by half -inch size groups, 
ranging from 3 to 23 inches total length. Since there was no tendency 
for the ratios of standard to total lengths or fork to total lengths to be 
correlated with the length of the fish, the average ratios give the best 
conversion factors: 
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Table 5. Average weights, calculated weights, and average ponderal 








Ponderal index Weight in pounds 
Mean Range Mean Calculate dl
3.6 4 29 20-36 .015 .012 
4.3 5 29 23-35 .024 .021 
5.4 15 32 24-38 .050 .044 
6.6 23 30 25-38 .090 .082 
7.5 37 30 14-36 .130 .122 
8.5 139 29 24-45 .173 .180 
9.4 92 28 18-38 .231 .247 
10.4 57 29 20-38 .325 .339 
11.4 36 29 20-47 .425 .452 
12.5 20 27 15-35 .521 .604 
13.4 30 29 16.45 .697 .751 
14.4 13 32 25-39 .948 .941 
15.4 9 31 26-37 1.148 1.161 
16.6 13 32 27-42 1.418 1.469 
17.5 8 32 18-37 1.664 1.733 
18.3 18 35 24-47 2.115 1.994 
19.4 8 36 30-40 2.600 2.394 
20.4 12 37 32-43 3.172 2.801 
21.4 7 32 27-41 3.301 3.255 
22.4 4 37 34-39 4.22 3.760 
23.4 4 38 34-41 4.86 4.31 
24.3 1 35 5.06 4.85 
25.1 1 45 - 7.06 5.37 
26.4 2 47 4?-48 8.78 6.18 
Total 558 29.7 14-48 
1 Log W = 1.6561 ~ 3.1334 Log L 
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Fork length = 0.876 total lengths 
Standard length = 0.734 total lengths 
Fecundity 
The numbers of eggs in the ovaries from 12 mature female catfish 
increased with the age, length, and weight of the fish (Table 6). The 
mathematical expression of the regression of number of eggs (Y~ on total 
length of the fish in inches (X~ is: 
Y = -5202 + 718. 4X 
with a correlation coefficient (r~ of 0.897. 
The regression of number of eggs on weight of the fish in grams (W) 
is: 
Y = 2.597 + 5. 256W 
with a correlation coefficient of 0.855. 
Approximately 15 per cent of the total weight of mature females was 
eggs. 
Table 6. Egg counts of channel catfish collected in the Des Moines 
River, Boone County, June 5 to July 16, 1956. 
Standard Total Weight 
Age length length Weight of eggs Number of 
group No. (inches (inches (grams (grams eggs 
V 2 9.0-9.2 11.8-12.3 237-258 38-45 2682-4036 
VI 3 9.2-10.0 12.1-16.7 270-794 41-164 2729-7233 
VII 4 11.8-13.8 15.1-18.2 482-1077 91-147 5973-7547 
VIII Z 14.2-16.5 17.9-20.2 737-1389 118-235 6884-9721 
IX 1 13.7 17.5 879 155 8299 
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A QUANTITATIVE DETERIORATION RATING SCALE 
FOR SHELLED CORM 
R.W. LichtwardtZ and G. L. Barron3
One problem in attempting to devise a quantitative evaluation of the 
degree of deterioration in a sample of corn lies in defining the entity 
which one wishes to measure. Probably no definition of deterioration of 
grain would find universal acceptance, for it would depend in part upon 
the intended use of the grain and upon establishment of certain basic 
standards of quality with which degrees of spoilage could be compared. 
Perhaps a definition of deterioration, as applied to harvested field corn 
which is not to be planted, might be stated as any unfavorable changes 
in the grain which decrease the quantity or quality of its food value or 
palatability, or which lessen its suitability for storage or processing. 
The grading standards adopted by the grain trade are of little value 
to the investigator studying spoilage in grain, for the grading system 
depends only in part upon actual deterioration (in fact, only a few symp-
toms of spoilage are considered, and may lean heavily upon practical 
considerations. For instance, the presence of stones or cinders in a 
sample of otherwise good corn reduces the grain to sample grade; this 
foreign material may be very important in marketing, but is of little 
consequence to the condition of the grain  per se. There is also an ele-• 
ment of artificiality in the present standards, as exemplified in cases 
which have come to our attention in which stored grain, which had devel-
oped outward signs of molding (indicating probable intense internal mold 
activity, had been considerably upgraded, such as from No. 3 to No. 1 
yellow corn, subsequent to routine transfer from one bin to another. In 
such cases the general appearance of the grain may have been improved 
due to drying and cleaning of the kernels and loss of odor and foreign 
material, but the possible irreversible chemical and physical damage to 
the kernels by the molds was not considered. 
Microorganisms are known causal agents of deterioration in grain, 
and it is probable that in the vast majority of cases, under normal stor-
age practices, fungi are the primary instigators of spoilage, or at least 
play an important secondary role in the process. Fungi probably also 
are directly or indirectly responsible for most of the chemical changes 
1 The work presented in this paper was supported by the Agricultural 
Marketing Service, USDA, under Contract No. 1Z-Z5-010-191. 
Journal Paper No. J-3620 of the Iowa Agricultural and Home Eco-
nomics Experiment Station, Ames, Iowa. Project No. 1300. 
z Present address: Department of Botany, University of Kansas. 
s Present address: Department of Botany, Ontario Agricultural 
College, Guelph, Ontario. 
The authors express their appreciation to Dr. J. C. Gilman for his 
counsel during the progress of these investigations, and they thank Dr. 
L. H. Tiffany for her assistance with the manuscript. 
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which have been used as indices of deterioration in stored grain, such as 
increases in fat acidity and reducing sugars or decreases in nonreducing 
sugars. 
In the course of our studies of deterioration of shelled corn we have 
found it desirable to be able to assign a value to a sample of grain which 
indicates the extent of undesirable change or deterioration which the 
grain has undergone. The total presence of fungi in the kernels has not 
always been a satisfactory measure of deterioration, because all species 
or genera of molds do not seem to affect the quality of corn in an equal 
manner. Diplodia and Fusarium, for instance, may be present in a large 
percentage of kernels in a bin of grain which by all other criteria is in 
excellent condition. These fungi are capable of invading the kernels 
prior to harvest and may remain viable in dried grain for years after it 
is stored without any apparent damage to the grain. On the other hand, 
an equal percentage of kernel infection by certain species of Aspergillus
and Penicillium is a rather gocd sign that the corn has undergone un-
favorable storage conditions, and consequently some deterioration, either 
in the crib or in the bin, for the species in question normally do not 
invade kernels in the field to any great extent. 
One criterion which we feel can help to determine grain quality is the 
amount of infection by two genera of fungi; which infection we designate 
as the Aspergillus-Penicillium value, or simply the A-P value. The 
A-P value consists of the summation of the percentages of kernels in-
fected internally by each species of Aspergillus and Penicillium in the 
sample. Since individual kernels may be infected by more than one 
species, the summation of the percentages of infection may exceed 100. 
Approximately the same relative values can be obtained by using only 
species of fungi belonging to the Aspergillus glaucus group and the 
Penicillium cyclopium - _P. viridicatum series, but in some instances, 
especially in more advanced cases cf deterioration, other species of 
Aspergillus and Penicillium may be significant. Using all species of the 
two genera has a practical advantage in that a distinction need not be 
made between species, and the genera themselves are easily distinguished 
from other fungi associated with corn. 
Fungi alone are not necessarily an indication of the extent to which a 
batch of grain has deteriorated, even when the kinds of fungi as well as 
their frequencies are considered. There are some instances in which 
the grain obviously has suffered from deterioration processes, as meas-
ured by other standards, and yet the kernels contain relatively few fungi; 
some of the ways in which this can happen are suggested later. In such 
cases, the germination percentage of the grain usually is low, and ger-
mination probably is the most direct means of measuring these unfavor-
able changes in the grain. 
Fig. 1 is a chart which plots the percentage germination of a sample 
of grain against the. A-P value found in the sample. The vertical and 
horizontal divisions of the chart were selected after consideration of all 
the data which we had from over six hundred samples collected in Iowa 
over a period of two years. These samples represented all degrees of 
deterioration of corn stored in all commonly-used types of bins located 
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Fig. 1. Deterioration chart for shelled corn, based on percentage ger-
mination and A-P value (see text. The deterioration ratings 
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Fig. 1. Deterioration pattern of shelled corn from some farm bins 
(undisturbed grain located in central Iowa. 
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The numbers in each box designate the deterioration rating of the 
samples which fall within them. The ratings range from 0 (excellent 
condition to 6 (extreme deterioration. Each number might be described 
as follows: 
0 = excellent 4 = moderately deteriorated 
1 = good 5 = deteriorated 
2 = fair 6 = extremely deteriorated 
3 = slightly deteriorated 
Fig.? shows a deterioration pattern of shelled corn based on aver ages 
of all samples collected over a period of two years from eighteen bins 
located in central Iowa (Story County. Averages of the upper 1 foot of 
grain and grain from a level of 4-5 feet below the surface are shown 
separately for each bin. It can be seen that these averages are rather 
well-correlated, considering the many other factors that might influence 
either of the two variables used. 
The original reason for devising this deterioration rating scale was 
for use with grain from bins of undisturbed corn, that is, corn which is 
not regularly stirred or otherwise excessively handled during the storage 
period. We found, however, that the ratings proved satisfactory when 
we plotted the results we had obtained from shelled corn stored in Com-
modity Credit Corporation binsites, where the upper grain layers nor-
mally are stirred at regular intervals and where more consideration is 
given to insect control. But there was a tendency in some cases for the 
germination of the samples to be low. At the same time there was no 
corresponding large A-P value as might ordinarily be expected. In-
stances of this sort are illustrated in Fig. 3. 
Fig. 3 represents averages of data from thirteen bins located in CCC 
binsites in central Iowa (Story County. The averages for each bin are 
shown separately for the upper 1 foot of grain and grain from the 4-5 foot 
level. The years of harvest were from 1952 to 1955, and collections 
were made within a two year period. The surface grain in some of the 
bins had shown evidence of considerable molding and had bees stirred as 
often as seven times during one month in order to break up the surface 
crust and reduce moisture. 
The phenomenon of low germinability in grain, and which has at the 
same time a relatively low A-P value, might be explained in many ways, 
any of which could account for the deviations in Fig. 3 and similar cases: 
1. Certain types of insecticides when applied to corn in bins may kill 
the kernels, especially if the grain is not particularly dry. In addition, 
it is possible that fungi in the kernels might also be killed by strong 
concentrations of insecticides. 
2. Overheating of the grain during artificial drying, or otherwise 
improperly drying the grain, may reduce the grain's germinability. 
3, Insect activity at moistures teo low to permit much mold growth 
may damage or destroy the kernel embryos. 
4. Prolonged drying and heating of surface grain by radiated heat 
under the roof of the bin could conceivably reduce germinability, and 
might also kill some of the fungi within the grain, especially if the my-
celium has not sporulated. 
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Fig. 3. Deterioration pattern of shelled corn from some CCC bins 
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Fig. 4. Deterioration pattern of 1952 shelled corn from some CCC bins 
(stirred grain from locations scattered throughout Iowa. 
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5. The presence of Aspergillus restrictus  in kernels, one of the _A . 
glaucus group, often is not detected by our usual methods, because of its 
very slow growth from inside the grain when identification is made in 
moist chambers or on nutrient medium. In some samples we do find 
high counts of this species when the surface-sterilized grain is ground 
and plated by a technique which we use for quantitative internal mold 
counts . 
6. The presence of certain yeast and bacterial infections within corn 
may not be easily detected because of their limited growth on the outside 
of the kernels when the grain is placed in moist chambers or on nutrient 
medium. Also, these organisms have been observed to inhibit the growth 
of certain fungi, such as thos e belonging to the Aspergillus glaucus group; 
if this is not taken into account it results in a lower A-P value. Candida
in particular, a filamentous, non-ascospore-forming yeast, may invade 
grain which has not dried down sufficiently or rapidly enough, or which 
has become rewetted during storage, and its visual detection in some 
situations may require considerable care. However, its presence in 
significant amounts usually can be detected by a sour or yeasty odor 
which it imparts to grain kept under moist conditions. Perhaps the 
presence of Candida is one of the most important factors incases of very 
low germination accompanied by relatively low detectable infection by 
aspergilli and penicillin. A practical method of compensating for the 
presence of Candida would be to throw the deterioration rating into the 
next higher category if the grain possesses a sour or yeasty odor. 
Figs. 4, 5, and 6 represent three harvest years of corn, 195 Z, 1953, 
and 1954, respectively. These three graphs contain data from a total of 
540 samples of shelled corn collected during the summer of 1956 from 
locations scattered throughout Iowa. Each point on the graphs represents 
the average of the samples from one of thirteen sections of Iowa, and 
averages for the upper 1 foot of grain and grain from the 4-5 foot level 
are shown separately. l In these graphs we again see, as in Fig. 3, a 
tendency for rather low germinability accompanied by relatively low A-P 
values, which contrasts with the pattern for undisturbed grain (Fig. Z~. 
SUMMARY 
A rating scale is proposed for experimental use for expressing quan-
titatively the degree of deterioration in samples of shelled corn, based 
on the germinability of the kernels and the amount of infection by species 
of Aspergillus and Penicillium:
1 
The degrees of deterioration shown in these three graphs and in the 
other figures in this paper are not intended to represent average dete-
rioration patterns in the respective types of storages or harvest years. 
The samples were originally chosen with other objectives in mind, and 
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Fig. 5. Deterioration pattern of 1953 shelled corn from some CCC bins 
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Fig, 6. Deterioration pattern of 1954 shelled corn from some CCC bins 
(stirred grain from locations scattered throughout Iowa. 
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QUANTITATIVE ESTIMATIONS OF THE FUNGI ASSOCIATED 
WITH DETERIORATION OF STORED CORN IN IOWAl
G.L. BarronZ and R.W. Lichtwardt3
Quantitative estimations of the molds in cereal grains have been made 
by several workers but particularly by Christensen and his associates at 
the University of Minnesota. Christensen (Z~ developed his technique as 
a method for counting molds in samples of flour. Briefly, the method 
consisted of weighing out two grams of flour and suspending this in a 
known volume of 0. 5% saline solution; a dilution series was made from 
this primary suspension and one millilitre aliquots were pipetted into 
petri plates, a malt -salt agar added, and the mixture swirled to give an 
even distribution of the suspension. The results were expressed as 
molds per original gram of flour (m.p.g.). This method was extended 
by Christensen and Gordon (4~ to estimate the mold flora of stored corn 
and wheat. In these studies the assays were made by first grinding the 
cereal to a powder in a Wiley type mill. The mill was cleaned between 
lots and the first portion ground was discarded to prevent any serious 
contamination. In later work Bottomley et al. (l~using essentially the 
same technique substituted 0. 3~fo agar for the saline solution as the sus-
pension medium. Quantitative estimations were carried out by Tuite and 
Christensen (7) on the mold flora of barley but in these studies Z grams 
barley were comminuted in a Waring blendor in 500 ml of sterile 0. Z`'~o 
agar to give the primary suspensicn. 
In all the above experiments the grain was not surface sterilized prior 
to grinding and the estimations therefore include fungus material both in 
and on the grain. 
MATERIALS AND METHODS 
Experiments were carried out repeating the techniques of earlier 
workers using a Wiley type mill and the method outlined by Bottomley et
a_l. The mill was cleaned thoroughly between samples and swabbed down 
with 70% alcohol. The sieve was similarly treated and sterilized by 
flaming lightly. One experiment showed that a sterile sample, following 
1 The work presented in this paper was supported by the Agricultural 
Marketing Service, USDA, under Contract No. 1Z-Z5-101-191. 
Journal Paper No. J-3690 of the Iowa Agricultural and Home Eco-
nomics Experiment Station, Ames, Iowa. Project No. 1300. 
z Present address: Department of Botany, Ontario Agricultural 
College, Guelph, Ontario. 
g Present address: Department of Botany, University of Kansas. 
The authors express their sincere appreciation to Dr. L. H. Tiffany 
and Dr. J. C. Gilman for their generous assistance throughout these 
investigations. 
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a highly contaminated sample, picked up over 1000 molds per gram from 
the mill; moreover, as corn could not be surface sterilized conveniently 
before grinding this method was discontinued. 
Preliminary experiments using surface sterilized corn and a Waring 
blendor showed that this machine could not satisfactorily break down the 
corn, especially the pericarp and horny endosperm which introduced 
difficulties in pipetting and dilution work. 
Fig. 1. The Sargent centrifugal wet mill No. 2 used for grinding corn 
samples . 
A method was developed using a Sargent centrifugal wet mill No.2 
(Fig. 1~ for grinding corn samples. A number of experiments were car-
ried out varying the weight of corn, volume of liquid, and time of grind-
ing. The best results were obtained when 25 gms of corn were ground 
in 250 ml of 0. 2% sterile agar for 35 minutes. From this primary sus-
pension adilution series was made by pipetting 5 ml aliquots into 45 ml 
of sterile 0. 2% agar in 4 oz medicine bottles and repeating to give a 
1 10, 1100, 11000, etc. series. From three selected dilutions, 1 ml 
aliquots were pipetted in triplicate into petri plates. Malt-salt agar 
(2% malt extract, 6% salt was poured into the plates and the mixture 
swirled to give an even suspension. Plates were incubated three days 
at room temperature prior to counting and reinspected at intervals to 
confirm_. species identifications or observe the appearance of any slow-
growing fungi. 
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The corn was surface sterilized before grinding by immersing for 
30 seconds in 70% alcohol followed by two minutes in 11000 mercuric 
chloride and was finally rinsed in sterile distilled water. To prevent 
external contamination while grinding, a hood was designed and fitted 
over the grinding parts of the mill. Control samples remained sterile 
after grinding for one hour and plating out 5 ml replicates of the primary 
suspension, indicating that the technique gave satisfactory sterile grind-
ing. For most samples external contaminations are not important since, 
being at a relatively low concentration, they are readily diluted out; 
however, in comparatively undeteriorated samples they become increas-
ingly important. 
After the ground sample is removed, the mill is spun in clean water 
to remove debris, swabbed down with 70% alcohol, spun for two minutes 
in 11000 mercuric chloride and rinsed in 70% alcohol. The method 
using the Sargent centrifugal wet mill as outlined above offers two pri-
mary advantages over previously used methods: (1~ it permits wet sur-
face sterilization of the corn immediately prior to grinding and (2~ the 
mill can be effectively and quickly sterilized between samples. 
Samples processed in these studies were collected from Commodity 
Credit Corporation binsites through the agency of the county A.S.C. 
offices. Each county agent selected three bins of CCC corn representing 
one bin each of currently molding 1952 and 1953 corn and one bin of high 
grade 1954 corn. From each bin, samples were taken representing the 
upper six inches or top layers of corn and mailed in airtight containers 
to our laboratory. In all, 256 samples from 95 Iowa counties were col-
lected and processed in the summer of 1956. 
RESULTS 
The average suitability of corn for storage varies considerably from 
one year to the next. Thus one year's harvest may show con siderabiy 
less deterioration than another during the same or even a longer period 
of storage. Such variations are difficult to express even on a relative 
basis due to the difficulties in obtaining quantitative data on the molds 
involved in these different years. 
Differences in suitability for storage of 1952 and 1953 harvests are 
indicated (Table 1~ by the greater frequency of the molds significant in 
deterioration as dominants or co-dominants in the latter years. These 
differences are much more marked when they are expressed as total 
mold counts per gram as in Table 2. In every case, with the exception 
of  Aspergillus repens and to some extent A. chevalieri var. intermedius,
the counts are much greater from 1953 harvests than from 1952 despite 
the fact that the latter corn had been stored one year longer. It will 
be remembered that both these lots of corn were purposely selected 
as representing moldy corn, and on this basis observed deterioration 
differences between the two years would tend to be minimized. Thus on 
an over-all basis, in comparisons between samples collected as being 
of the same deterioration group, the 1953 corn yielded 4 to 5 times the 
number of mold counts per gram obtained from the 1952 samples. If 
counts of Fusarium moniliforme are omitted from totals (on the basis 
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Table 1 . Number of recordings of the principal fungi associated with 
the deterioration of 256 top samples of stored corn from three 
harvest years. 
Fungus 1952 1953 1954 
Number of 
recordings 
~kAspergillus ruber 38 37 12 87 
Penicillium spp. 20 27 7 54 
Penicillium cyclopium 18 20 15 53 
~~Aspergillus restrictus 23 25 0 48 
Fusarium moniliforme 1 5 30 36 
Aspergillus amstelodami 11 23 5 39 
Aspergillus chevaliers 7 15 6 28 
=Aspergillus chevaliers 
var, intermedius 8 11 6 25 
Candida sp. 9 14 2 25 
=Aspergillus umbrosus 6 16 0 22 
Aspergillus candidus 7 9 5 21 
=kAspergillus repens 8 7 3 18 
Aspergillus flavus 9 2 2 13 
Penicillium viridicatum 4 6 0 10 
Aspergillus versicolor 2 5 1 8 
Mucor sp. 0 0 6 6 
Absidia repens 2 0 2 4 
Aspergillus niger 0 1 0 1 
~~ Aspergillus glaucus group. 
that this fungus is a "field mold"~ the 1954 samples exhibited 100-400 
times less fungus activity than samples from the other two years. 
The frequency of occurrence of the different fungi as dominants or 
co-dominants in Table 1 indicates that both qualitatively and quantita-
tively the fungus flora responsible fordeterioration is approximately the 
same for the years 1952 and 1953. 
The role of the fungi involved in deterioration. 
Table 3 gives the total counts and total recordings for the 3 years. 
Data from all_ three tables indicate that the species belonging to the 
Aspergillus glaucus group were the most important deteriorators of the 
stored corn samples tested. They were more numerous than all other 
species together, both in frequency of occurrence as dominants and co-
dominants and on the basis of total mold counts per gram of corn. Fre-
quency of occurrence in Table- 1 :indicates A. ruber was undoubtedly the 
most ubiquitous species of the group. However, considering total mold 
counts and average mold counts per occurrence, A. ruber does not ap-
pear to be as significant in the._ deterioration process as some of the 
other species of the _A, glaucus group, notably A, restrictus,  A, cheva-
liers var. intermedius, and perhaps A, amstelodami. This conclusion, 
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Table 2. Mold counts in 256 samples of stored corn from three harvest 
years, expressed for each species as the summation of counts 






















Mold counts in thousands 
Total Count 1952 1953 1954 
19, 912.4 102, 167. 5 -- 122, 079.9 
11, 343.8 81, 438.3 13.2 92, 795. 3 
16, 409.2 51, 457.8 30.9 67, 897. 9 
6, 482.5 30, 698.4 501.4 37.682. 3 
6, 236.7 29, 825.6 90.0 36, 152. 3 
13, 289.4 15, 902.0 3. 8 29, 195. 2 
3, 216.5 23, 664.4 2. 8 26, 883. 7 
195.4 18, 546.8 3.4 18, 745. 6 
1, 492.7 8, 443.4 11.0 9, 947. 1 
1, 503.2 4, 962.6 182.7 6, 648. 5 
66.8 3, 121. 1 -- 3, 187. 9 
3, 574.6 948.3 8. 6 4, 531. 5 
32.0 395.1 3, 336.2 3, 763. 3 
263.6 2, 367. 9 -- 2, 631. 5 
138.1 2, 311.5 1 . 4 2, 451. 0 
511.6 20.3 531.9 
-- 23.0 23.0 
15.9 15.9 
84, 668.5 376, 266.6 ~=~~~892. 5 =x=461, 827. 6 
~r Excluding F. moniliforme
~ Aspergillus glaucus group 
however, assumes that variations in sporulation between species of this 
group reflect differences in vegetative growth and not merely differences 
in ability to sporulate within the kernel; this relationship will be consid-
ered more fully later. 
Aspergillus candidus while reported in fewer samples than most of 
the other primary deteriorators is particularly noteworthy because of 
its high average mold count per occurrence shown in Table 3. Thus _A . 
candidus has a high deterioration potential under suitable conditions. On 
the basis of low frequency of occurrence as a dominant or co-dominant 
accompanied by a fairly high average count, A, flavus is in the same 
category as _A. candidus . _A , flavus, however, would seem to have the 
lesserdeterioration potential both on the basis of frequency of occurrence 
and average mold counts. 
Penicillium cyclopium proved to be the most important single species 
of Penicillium responsible for deterioration in these studies with_P, viri-
dicatum being the next most frequent species. A number of other species 
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Table 3. Total mold counts per gram, numb er of recordings and average 
mold counts per occurrence for the important species of molds 
in 256 top samples of stored corn. 
Species 
Total Average mpg"~=~ 
counts in Number of per recording 

















92, 795.3 21 4, 418. 8 
122, 079.9 48 2, 543. 3 
67, 879.9 54 1, 257. 0 
29, 195.2 25 1, 167. 8 
37, 673.3 53 710. 8 
26, 883.7 39 689. 3 
18, 745.6 28 669. 5 
6, 648.5 13 511 .4 
36, 152.3 87 415. 5 
9, 947.1 25 397. 9 
2, 451.0 8 306.4 
2, 631.5 10 263. 2 
4, 531.5 18 251. 8 
3, 187.9 22 144. 9 
531.9 4 132.9 
~= Aspergillus glaucus group. 
-~~~ Molds per gram. 
of  Penicillium were reported as being more or less significant in the 
deterioration process; these have been lumped together under the heading 
Penicillium spp. and include P. frequentans, P. martensii,  P, variabile,
_P. oxalicum, and P. palitans, among occasional others. The high fre-
quency of P. cyclopium in all three years suggests a wide latitude of 
conditions suitable for deterioration by this species and its high average 
count would indicate a high deterioration potential. 
Fusarium moniliforme is fairly low in its occurrence in the highly 
deteriorated corn of 1953 and 1952. Its rare association with deterio-
rated corn indicates that it is of little significance in the spoilage of 
corn in the bins. This species is the most frequent fungus in 1954 corn; 
apparently conditions in 1954 were favorable for the development of 
Fusarium ear -rot in the field, which accounts for the high frequency and 
high counts in these samples. Conditions favorable for the development 
of ear -rot in the field might also. account for the high frequency of P. 
cyclopium in 1954 corn. 
On a qualitative basis, a number of fungi commonly present in analy-
ses on the same samples byother methods (6) are not present in analyses 
made using the present techniques. Notable among these are Diplodia
zeae, Chaetomium spp. , and Microascus spp, to which the medium or 
the techniques involved are apparently unsuited. Since none of these 
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fungi were regarded as serious deteriorators of corn, no attempt was 
made to modify the technique to establish their relative importance on 
the basis of mold counts. 
DISCUSSION 
Almost all of the species listed in Table 1 were dominant in one or 
another of the samples tested. Thus, when conditions are suitable, any 
of these fungi might have the major responsibility in deterioration of the 
grain. It is more usual, however, for several fungi to be active as co-
dominants in the majority of deterioration complexes. The frequency of 
a species as a dominant or co-dominant in a wide variety of samples is 
perhaps a good measure of physiological latitude of the species, par-
ticularly with respect to its moisture requirements and COy tolerance. 
The A, glaucus group, and particularly A, ruber, is outstanding in this 
regard. Again, average molds per gram per occurrence might be a 
good criterion for deterioration potential of the different species. On 
this basis A_, candidus and A, restrictus  are extremely important, as 
indicated in Table 3. _A, candidus, however, seems more limited in its 
scope than A, restrictus  and the other primary storage molds because 
of its more exacting physiological requirements as evidenced by its less 
frequent occurrence as a dominant or co-dominant. 
The _A , restrictus  series is comprised of the slow-growing members 
of the A, glaucus group. They differ from the other members of the 
group in that they do not produce cleistothecia but they are included here 
by Thom and Raper (8) because of certain physiological and morpho-
logical similarities to other A, glaucus group species. 
Members of this series were first recorded as causing deterioration 
of grain in storage in 1955 by Tuite and Christensen (7~. Working with 
stored barley, these workers found that at moisture contents from 13. 8 
to 14.2% there was a slow, gradual increase in the presence of seeds 
yielding aslow-growing subspecies cf the A, glaucus group which they 
placed tentatively in the A, restrictus series. In a later paper Christen-
sen (3) noted that A, restrictus also invaded seeds of various wheats 
stored at moisture contents of 13.5 - 15% for sixteen months. Christen-
sen noted that the presence of A. restrictus was difficult to detect in 
seeds because the fungus grew poorly or not at all on normal culture 
media. Christensen suggested using media containing 10 - 20% sodium 
chloride for detection of this fungus. 
Prior to the present work _A , restrictus has never been recorded as 
occurring ir. stored corn. In the present study it is the third mast im-
portant species, taking frequency of occurrence as the criterion; on the 
basis of total mold counts it is easily the highest of the A, glaucus group 
and would seem to be one of the primary deteriorators of stored corn. in 
Iowa 
A, niger, frequently regarded as a storage mold of some importance, 
is notable by its absence as a dominant in these studies and only once 
recorded in measurable quantities. It is possible that A,  niger  is a poor 
sporulator under the restricted environment of the corn kernel. Koehler 
(5) noted that A, niger fails to establish itself in co rn with less than 
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18. 3°fo moisture, and that much higher moistures were required for active 
growth. Thus it would appear that when conditions are not longer limit-
ing for the growth of A. niger the primary molds would already have 
become well established. In the CCC bins from which the samples were 
taken, it is the practice to stir the upper grain layers at intervals to 
distribute accumulated moisture, a practice which would also tend to 
create conditions unfavorable to the development of A, niger. Stirring 
may also account for the Low frequency of occurrence of A, flavus which 
is also regarded as a high moisture mold. 
The major difficulty in the interpretation of these data, and all quanti-
tative data of this nature, is that it is not at present possible to establish 
the true relationship between sporulation and growth. It may be largely 
sporulation which is being measured by these counts, but it is the growth 
accompanying the sporulation which is responsible for the observed 
deterioration. While sporulation must be a function of growth, this 
relationship is bound to fluctuate between species according to habit and 
within species according to strain differences and environmental effects. 
All the storage molds have been found to fruit more or less actively 
within the kernel, particularly in the embryo region, but also to some 
extent in endosperm cavities. Thus, on the basis of casual observation, 
there seems little difference in the fruiting abilities of _A . candidus, A. 
restrictus,  and P. cyclopium on the one hand and A. flavus, P, viridi-
catum, and _A . umbrosus on the other hand. This would indicate that the 
observed differences between these two groups of species on the basis of 
frequency of occurrence and total mold counts may be more related to 
their true differences as deteriorators than they are to their relative 
ability to sporulate. Experiments are in progress to establish the rela-
tive fruiting abilities of the different species within the kernels. 
SUMMARY 
1. A technique is outlined for the quantitative estimation of mold flora 
associated with the deterioration of stored corn in Iowa. 
2. Two hundred and fifty-six samples of corn, representing three harvest 
years from 95 counties in Iowa, were processed by this technique in 
the summer of 1956. 
3. Collections of 1953 corn rated as moldy had significantly higher mold 
counts than 1952 corn with the same rating, despite the fact that the 
latter had been stored one year longer. 
4. The composition of the fungus flora responsible for deterioration is 
approximately the same for the two years. 
5. The Aspergillus ~laucus group appears to contain the most important 
species of deteriorating stored corn in Iowa, both on the basis of 
frequency of occurrence as dominants and co-dominants, and on total 
counts. A. ruber was the most ubiquitous species of the group but 
_A . restrictus,  _A . chevalieri var, intermedius and perhaps A_, am-
stelodami were probably more important in deterioration. 
DETERIORATION OF STORED CORN 155 
6. Approximately 25°jo of the counts were due to species of Aspergillus
other than A. glaucus of which A. candidus was the most important 
single species . 
7. Approximately 25PJo of the total counts were due to Penicillium spp. of 
which P. cyclopium was the most important single species. 
8. Excluding species of the genera Aspergillus and- Penicillium only 
Candida sp. appeared responsible for any serious deterioration. 
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INTRODUCTION 
The exchange reaction between Fe(II) and Fe(III) in perchloric acid 
solutions has been the subject of several investigations (1, Z, 3). This 
reaction may be studied by using radioactive tracer iron and following 
the radioactive exchange: ~e
+++ 
+ Fe++ ~ ~e++ + Fe+++ Silverman 
and Dodson (1) found the reaction to be second order over-all and first 
order with respect to the total concentration of each oxidation state. The 
over-all rate c8nstant of the reaction in perchloric acid solutions was 
found to be a linear function of the reciprocal of the acid concentration. 
Much work has been done on the effect of various anions on electron 
exchange reactions in addition to the ferrous -ferric reactions. Duke 
and Pinkerton (4) found the expression for the rate of exchange between 
ferric iron and stannous tin to be fourth order in total chloride concen-
tration. Much of this work was done using simple anions such as the 
halide ions and pseudo-halide ions (e. g. CN etc. ). 
The present work presents a study of the effects of some potential 
organic catalysts on the rate of exchange between ferrous and ferric 
iron in if perchloric acid. 
EXPERIMENTAL 
Materials 
Perchloric acid (70°fo vacuum distilled) purchased from J. T. Baker 
Chemical Company was standardized by titration with standard sodium 
hydroxide. It gave negative tests for chloride. 
Ferric perchlorate obtained from G.F. Smith Chemical Company was 
used directly to prepare a stock solution of 0.069f ferric perchlorate in 
1 .50f perchloric acid. 
A ferrous perchlorate stock solution was prepared by dissolving 
electrolytic iron in dilute perchloric acid. The resulting solution was 
1 Contribution No. 781. Work was performed in the Ames Laboratory of 
the U.S. Atomic Energy Commission. 
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approximately 0. 2f ferrous perchlorate in 2f perchloric acid and gener-
ally less than 10 -3f in ferric perchlorate as determined by titration with 
sulfatoceric acid. The acid concentration of the ferrous perchlorate 
stock solution was determined bypassing an aliquot of the solution through 
a cation exchange resin column and subsequently titrating with standard 
sodium hydroxide. This gave the total perchlorate concentration. An-
other aliquot was passed through a Jones reductor and titrated imme-
diately with sulfatoceric acid to determine the total iron concentration. 
Finally, another aliquot was titrated directly with sulfatoceric acid to 
determine the ferrous iron concentration. The perchloric acid concen-
tration was calculated from the titer containing these three quantities. 
Radioactive iron59 was obtained from the Oak Ridge National Lab-
oratory. Periodically aliquots of this sample were combined with a 
predetermined amount of the. ferric perchlorate stock solution to give a 
desired concentration for a particular series of runs. 
Procedure 
The reaction was run in a 250 ml Erlenmeyer flask. The flask con-
taining the radioactive ferric fraction v~~as partially immersed in a con-
stant temperaturebath. The ferrous fraction was prepared in a separate 
125 ml Erlenmeyer flask. The concentrations of the two fractions were 
nearly the same with respect to all components in any particular run. 
This was done to minimize any possible effects of mixing. When an 
organic compound was used it was incorporated into the ferrous fraction. 
The reaction was started by rapidly pouring the ferrous fraction into 
the reaction flask after both fractions had been brought to a constant 
temperature (f 0. 2 ° C) in the bath. The contents of the reaction flask 
were stirred by amotor-driven glass propeller. At measured intervals 
an aliquot of 20 ml was withdrawn from the reaction vessel with a 20 ml 
pipette affixed to a 30 ml hypodermic syringe. With this arrangement 
samples could be withdrawn and discharged quite rapidly. The aliquot 
was immediately discharged into a 100 ml beaker which contained 10 ml 
of dipyridine solution and 10 ml of saturated sodium acetate solution. 
These amounts were previously determined so as to result in a solution 
of about pH 5 after the aliquot from the reaction vessel was added. The 
function of the dipyridine solution was to render the ferrous fraction 
inert to exchange processes by the formation, rapid at this pH, of the 
intensely red and highly stable ferrous tris 2, 2' dipyridyl ion. 
The ferric iron was then precipitated as iron(III~ hydroxyquinolate by 
adding 10 ml of 8-hydroxyquinoline solution. Because of the low react-
ant concentrations, an aliquot of inactive ferric perchlorate solution was 
added following precipitation to increase the mass of the precipitate. 
The precipitate was filtered, washed, vacuum dried, weighed, mounted 
on cards, and covered with cellophane. The samples were counted using 
an end window Geiger -Muller tube connected to a Berkeley 100 Decimal 
Scaler. 
During each run eight aliquots were analyzed. The first six usually 
were withdrawn within three half-lives at measured intervals of between 
one hundred and three hundred seconds. The last two were "infinite" 
time samples which were withdrawn after at least ten half-lives had 
elapsed; these two samples generally agreed within 4%. 
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RESULTS AND DISCUSSION 
During the preliminary stages of this work, the over-all order of the 
exchange process was found to agree with that obtained by Silverman and 
Dodson (1). The time dependence of the fraction of activity exchanged 
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where the terms Feo++, Fe+++~ and Few++ represent the specific acti-
vity of the ferric fraction at time equal to zero, time t, and "infinite" 
time, respectively. If F represents the quantity in the logarithmic 
term, a plot of In F versus time gives a straight line whose slope is 
[Fe +++ ~ + [Fe++~ 
-R   Such a graph is given in Fig.l. The intercept 
[Fe+++~ [Fe++~ 
is zero after correction for zero time exchange. The zero time exchange 
represented by (1-Fo) 100 averaged nearly 60%. If this exchange is 
reproducible it has no effect on the slope of the lines and only causes 
variation of the intercept. 
When organic compounds such as benzoquinone, pyrazine, and p-
phthalic acid we re introduced into the system it was thought that catalysis 
of the reaction might be observed. Catalysis would be the result of the 
formation of a bridge-type structure which would enhance the transfer-
ence of an electron. However, it was found that benzoquinone at concen-
trations comparable to those of the reactants caused no increased rate 
of exchange. Pyrazine at concentrations comparable to those of the 
reactants and as high as 0. Z5f did not affect the rate of exchange. 
The introduction of p-phthalic acid into the system caused a marked 
increase in the exchange rate as shown in Fig. 1. Because of the very 
low solubility of p-phthalic acid in 1 f perchioric acid, the concentration 
of the p-phthalic acid was not varied. Table 1 summarizes the results. 
Taube (5) used the phthalic acids as electron mediators in the reaction 
of (NH3)SCoIIIL and Cr++ where L represents the anion of the acid in 
solution. Taube found that the para isomer increased the rate consider-
ably while there was a relatively large decrease in catalytic, effect when 
m-phthalic acid was used. The effect caused by o-phthalic acid was very 
small, probably due to structural hindrances. Analogously, the ferrous -
ferric reaction should show the greatest increased rate of exchange with 
p-phthalic acid. 
One may conclude from the present work that p-benzoquinone and 
pyrazine fail to form complexes with either Fe(II) or Fe(III) or both, but 
that p-phthalic acid does form a bridged complex. No runs were made 
with the meta or ortho isomers of phthalic acid. However, one would 
predict the same decreased catalysis when the para, meta, and ortho 
isomers are used, respectively, in the ferrous -ferric iron exchange 
reaction. 
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Ab strac t 
Various reactions mainly of the vinyl and oxindole functions of the 
alkaloid gelsemine are described. Two new methods for opening the 
oxindole ring are portrayed. The biosynthesis of the alkaloid is dis-
cussed. 
Prior to the recent X-ray determination of the structure of gelsemine 
(1~ and the presentation of chemical and NMR evidence in conformity 
with this structure (2~ experiments were under way in this Laboratory 
designed to penetrate the then mysterious hexacyclic nucleus of this 
major alkaloid of Gelsemium sempervirens, Ait. Whereas many routes 
of degradation failed, mainly because of the amazing lack of crystallinity 
of many derivatives, some reactions shed some light on the functional 
groups of the alkaloid while others opened degradative pathways possibly 
useful in structure determinations of other oxindole alkaloids. The fol-
lowing discussion will be based on the now established structure I (1, 2~ 
for gelsemine. 
I 
The Vinyl Group. 
Early hydrogenation studies (3) revealed the presence of one olefinic 
linkage in gelsemine. Its location on a terminal methylene group was 
established by the absence of a C-methyl group in the alkaloid but its 
presence in the dihydro derivative (4~ and by the formation of formalde-
hyde in the ozonization (5) (an ambiguous result in view of the presence 
of an equally vulnerable N-methyl group as well as Lemieux oxidation 
(6) of the alkaloid. More recently the double bond was shown to be a 
vinyl group (7, 8), attached to a quaternary carbon atom (9). 
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Bromination of gelsernine resulted in an internal interaction between 
the oxindole and olefin functions leading to a substance to which part 
structure II was assigned (5}. While the reaction clearly revealed the 
proximity of the two functional groups and II is in consonance with the 
now established structure of the alkaloid, formulation II in preference to 
the non-Markovnikov addition picture III was premature in the absence 
of specific knowledge about the closeness of the two groups and the steric 
environment of the olefinic group. Lithium aluminum hydride reduction 
of II led to an indolirie alcohol which was considered to be IV (5). The 




Prior to the revelation of the exact nature of the olefinic linkage in 
gelsemine, at a time when, in fact; it was considered to be a 1, 1-di-
substituted double bond, RyC = CHI, we were interested in exposing the 
alkaloid to degradation at this reactive site. Since oxidation by various 
means led to no recognizable products, compound IV was investigated. 
While again no crystalline products were obtained, the reactions could 
be followed by infrared spectroscopy. Easy N- as well as O-acetylation 
rapidly revealed that IV could not be a tertiary alcohol. This implied 
that either the structure of IV was incorrect and, hence, the hydride 
reduction misinterpreted or the double bond in its precursor was only 
mono substituted. The former alternative seemed more likely when it 
could be shown that mild base hydrolysis to the acetamido alcohol, fol-
lowed by chromic acid oxidation yielded an acidic product. Final proof 
of the incorrectness of the structure of IV came when a Kuhn-Roth oxides- 
tion gave a negative C-Me determination. As a consequence, the hydride 
reduction product must be reformulated as V (10). The lithium aluminum 
hydride reduction of the intermediate epoxide (vide supra  must have 
preceded by a 1, 2-hydride shift and reduction of the resultant aldehyde, 
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a process which now has ample analogy (11). 
V 
Treatment of gelsemine with hydrochloric, hydrobomic or hydroiodic 
acids has been reported to yield the hydration products apogelseinine 
and isoapogelsemine as well as a haloisoapogelsemine (12, 13~. Each of 
the halo compounds was convertible into isoapogelsemine (12, 13~, while 
zinc reduction of one of them, iodoisoapogelsemine, has yielded dihydro-
gelsemine (13~. These facts are best interpreted on the basis of all pro-
ducts being unrearranged addition compounds. This view was strength-
ened when, on repetition of a hydrochloric acid treatment of gelsemine, 
the infrared spectra of the crude reaction mixture and the purified pro-
ducts were inspected. The crude mixture consisted largely of the imino 
ether, allogelsemine (VI). As a consequence, apogelsemine (VII), the 
major product, undoubtedly arises from a simplehydrolysis of the imino 
ether linkage. Both this substance and the epimeric alcohol, isoapogel-
semine (VII), exhibited OH absorption only at 3. 0 µ, characteristic of 
hydrogen-bonded hydroxyl groups. These data were further corrobora-





When, in an attempt to obtain hydrated products without an accom-
panying halo compound, gelsemine was treated with refluxing 20% sulfuric 
acid for 19 hours, a new apo compound A was isolated. It was converted 
into B by sublimation or by attempted Oppenauer oxidation. Compound 
B could be obtained directly from gelsemine by a similar sulfuric acid 
treatment for 65 hours. While neither A nor B were identical with apo-
gelsemine or isoapogelsemine, they were presumably isomers of the 
latter. This could be assured of B byanalysis, but only conjectured about 
A, a compound which along with its derivative resisted all efforts of 
purification. Undoubtedly, these substances were Wagner-Meerwein 
rearrangement products. Compound A possessed a nonhydrogen-bonded 
hydroxyl group and formed an O-acetate. However, B showed strong 
hydrogen bonding between the hydroxyl and oxindole carbonyl groups and 
was converted readily to an O, Na-diacetate. Formation of the latter 
is in sharp contrast to the strong resistance of gelsemine toward Na -
acetylation (5). Various attempts of oxidation of compounds A and B led 
to indefinite results . 
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The Oxindole Moiety. 
Another entry into the center of the polynuclear structure of gelse-
mine appeared to be via the oxindoleunit. If the latter could be ruptured, 
in principle a path might be found for complete removal of this moiety. 
Since the oxindole lactam had been found to be exceedingly resistant to 
hydrolysis (13~, it had to be altered in a manner that would make the 
carbonyl group more vulnerable to nucleophilic attack and make the 
resulting o-aminophenylacetic acid system more stable. Both these 
features could be predicted for and, indeed, were found in Na-tosylgel-
semine (VIII. The latter was formed in a manner analogous to the 
reported synthesis of Na-methylgelsemine (14). The crystalline deriva-
tive exhibited its carbonyl peak in the infrared spectrum at an expected 
lower wavelength, 5.70 µ. It readily formed a methiodide, which on 




Whereas tosylgelsemine (VIII was stable toward dilute acid, it was 
converted easily by base into an amino acid (IX). The latter reverted to 
tosylgelsemine (VIII on treatment with 50% sulfuric acid at room tem-
perature. Lithium aluminum hydride reduction of VIII yielded the amino 
alcohol (X~, rather than Na-tosyldihydrodesoxogelsemine (XI), a sub-
stance which was prepared by tosylation of dihydrodesoxogelsemine. 
Thus, two different schemes for opening the oxindole moiety of the alka-
loid had been found. 
NH GO~e NN H1ON 




When the amino acid (IX) was refluxed in an ethylene glycol solution 
of sodium hydroxide, it revertedto gelsemine (I). The ease of this de-
hydrative detosylation can be accounted for by assuming a prior intra-
molecular N-to-O transtosylation and internal amination of the resulting 
mixed anhydride (XII). Exposure of IX to concentrated sulfuric acid and 
hydrazoic acid, in an attempted Schmidt reaction, led to a noncrystalline 
mixture of tosylgelsemine (VIII and presumably the cyclic urea (XIII). 
Unfortunately, separation of the latter and, hence, its structure proof 
failed. Treatment of IX with iodine and sodium bicarbonate yielded an 
amorphous substance, assumed to be iodolactoneXlV. Its 5. 77µ infrared 
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carbonyl peak indicated it to be a 8-lactone, a ring of a size now to be 
expected on the basis of the accepted structure I for gelsemine. 
XII 
An attempt to convert the a, a-disubstituted (3-(o-tosylamidophenyl-~-
ethanol X to its corresponding styrene by treatment with formic acid led 
to unidentifiable products. Likewise, solvolysis of its tosylate (XV), 
prepared by lithium aluminum hydride reduction of tosylgelsemine (VIII 
and tosylation of the unseparated reaction mixture, met with failure. 
Similar reactions with products derived from dihydrogelsemine led to no 
more success. 
Biosynthesis of Gelsemine. 
In a brilliant exposition of biosynthetic theory Woodward was able to 
derive the structure of gelsemine prior to its complete elucidation (1, 15). 
By analogy with the biosynthesis and some structural patterns of the 
strychnos alkaloids the biosynthetic intermediate XVI was considered to 
lead via several, mainly oxidative operations to XVII. An intramolecular 
carbon-carbon bond formation of a novel type (arrows in XVII) and an-
other of the ajmaline type (asterisks inXVII~ were envisaged to yield a 
hydroxyaldehyde (XVIII~, which on reduction and dehydration would give 
gelsemine (XIX~. A slight variant of this scheme, involving XX in place 
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xx ON 
cNo 
The Woodward scheme is in harmony with the recent generalized 
theory of alkaloid biosynthesis (16, 17~, since XVI is readily derivable 
from tryptophyl, formaldehyde and prephenate units. It places the pre-
phenate moiety in a state of oxidation equivalent to that in the strychnos 
alkaloids, but higher than in most other indole alkaloids. Inspection 
of the structures of sempervirine (XXI~ and gelsedine (XXII~ (18), two 
alkaloids occurring naturally side by side with gelsemine, however, 
suggests strongly that the oxidases in the Gelsemium plant operate mainly 
on the tryptophyl residue, rather than the prephanate unit. If, as a 
consequence, it be assumed that 3-indolylacetaldehyde (XXIII), or its 
tryptophol or tryptamine counterparts, may proceed through an oxidation 
series, involving the indolenine XXIV, oxindole XXV, or dioxindole XXVI 
directly, and oxindole XXVII, biosynthetic intermediates would be on 
hand, all of which could lead to the various Gelsemium and other oxindole 
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Compounds XXIV and XXIV have the same relationship to each other 
as cinchonamine and quinamine. Most probably, XXIV serves as pre-









Intermediates of the type of XXV are the progenitors of rhyncophyl-
line and similar axindole alkaloids, while XXVI may lead to gelsedine 
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The above as well as Woodward's suggestion requires the absolute 
configuration of gelsemine to be as depicted in XIX rather than I. 
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Experimental 
(Melting points are uncorrected. Ultraviolet spectra were run 
in 95% alcohol solutions. Optical rotations were measured at 
25° in pyridine solutions.) 
The Diacetate of Compound V. —A solution of 560 mg of V (Calcd. for 
1 C-Me: 4. 66; found: 0.54, 0. 0} in 10 ml of acetic anhydride and 10 ml 
of pyridine was heated on a steam bath for 3 hours and allowed to stand 
at room temperature for 18 hours. After vacuum removal of the solvent 
the residue was partitioned between dilute sodium bicarbonate solution 
and chloroform. The organic layer was dried over magnesium sulfate, 
filtered and evaporated. The residue was chromatographed on neutral 
alumina and a major fraction, 510 mg, was eluted with 3:1 benzene -
chloroform. Whereas this fraction could not be crystallized, vacuum 
evaporation of its chloroform solution produced a white foam, m.p. 100-
105°; infrared spectrum (CHC13), C = O 5.80 (s), 6.07 (s}µ, C = C 6.28 
(m)µ• 
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The N-Acetyl Derivative of Compound V. —A solution of 510 mg of the 
diacetate of V and 53 mg of sodium hydroxide in 4 m1 of water and 25 mi 
of methanol was allowed to stand at room temperature for 21 hours. 
After vacuum removal of the solvents the residue was dissolved in chlor-
oform and dilute sodium carbonate. The separated organic solution was 
dried, filtered and evaporated. The residue was chromatographed on 
alumina. Elution with 1 : 1 benzene-chloroform yielded a major fraction 
which could not be induced to crystallize. Drying under vacuum gave a 
foam, m.p. 115-120°, [a]D-33.6°; infrared spectrum (CHC13), OH 2.80 
(w) µ , C = O 6.08 (s) µ , C = C 6.29 (m) µ . 
Hydration of Gelsemine, Compound A. —A solution of 1.18 g of gel-
semine, 10 ml of conc. sulfuric acid and 10 ml of water was refluxed 
for 19 hours. The solution was cooled, made basic with dilute sodium 
hydroxide and extracted in 10 portions with 1.05 liter of chloroform. The 
combined organic extracts were dried over magnesium sulfate, filtered 
and evaporated to dryness. Attempted crystallization of the residue with 
acetone produced 520 mg of a white powder, [a ]D 0.2°; infrared spec-
trum (nujol). OH 2. 8 (m) µ , NH 3.07 (m), 3.20 (m) µ , C = O 5.89 (s)µ, 
C = C 6.19 (m), 6.29 (m) µ. 
A solution of 150 mg of compound A, a few drops of pyridine and 1 ml 
of acetic anhydride was heated on the steam bath for 3 hours. After 
letting the solution stand in the presence of water, it was made basic 
with dilute sodium carbonate solution and extracted with four 40 ml por-
tions of chloroform. The combined organic extracts were dried, filtered 
and evaporated. The residue was chromatographed on neutral alumina, 
the major fraction being eluted with 1 : 1 benzene-chloroform. It could 
not be crystallized from common solvents, but deposited crystals on 
slow evaporation from an acetone solution; m. p. 230 ° dec. ; spectra: 
ultraviolet, Amax Z52µ (loge 3.87) and 283 mµ (loge 3.21); infrared 
(CHC13), C = O 5.80 (s), 5.86 (s) µ , C = C 6.28 (m) µ . 
Compound B  . — a.) When gelsemine was exposed to the conditions of 
hydration, which led to compound A, but for a longer reaction time, 65 
hours, compound B could be isolated. Crystallization from chloroform 
gave an amorphous white powder. b.) Sublimation of compound A at 
200° and 1 µ gave B . c.) Compound B also could be obtained by refluxing 
for 23 hours a solution of 720 mg of gelsemine and 7. 2 g of cyclohexanone 
in 50 ml of anhydrous benzene, to which a solution of 4 g of aluminum 
phenoxide in 30 ml of anhydrous benzene had been added, washing the 
cooled solution with water, extracting the organic products with chloro-
form and following with the usual work-up. 
Two sublimations of B at 220° and 1 µ yielded a powder, m.p. 285-
28?° dec. (browning at 245°), [ci.]D 4.9°; infrared spectrum (nujol), OH 
2.94 (m) µ , NH 3.08 (m) µ , C = O 5.95 (s) µ , C = C 6.21 (m), 6.31 (w) µ . 
When compound B was regenerated from its picrate and crystallized in 
chloroform, it gave small crystals, m.p. 268° dec. (browning at 248°). 
Anal. Calcd. for CZ0H24O3N2 : C, 70.56; H, 7.11 ; N, 8.23. Found: 
C, 69.81 ; H, 7.44; N, 7. 82. 
The picrate of B was crystallized three times from ethanol and dried 
under vacuum at 78° for 4 hours, m.p. 273° dec. (browning at 200°), 
[a ]D 34.8°. 
172 WENKERT and HANSEN 
Anal. Calcd. for C26H27O10N5' C2H6O: C, 54.63; H, 5.40; N, 11.38. 
Found: C, 55. O1 ; H, 5.81 ; N, 11.27. 
A solution of 100 mg of compound B and 2 ml of pyridine in 2 ml of 
acetic anhydride was heated on the steam bath for 2 hours. The reaction 
mixture was cooled, diluted with 30 ml portions of ether, the combined 
extracts dried over magnesium sulfate, filtered and evaporated and the 
residue crystallized twice fromether-petroleum ether. Furthercrystal-
lization from ether gave white crystals, m.p. 196-198°, [a] D-?.7°; 
spectra: ultraviolet, Amax 230 mµ (loge 4, 03), shoulder 260 mµ (loge 
3.48), 277mµ (loge 3, 04) and 291 mµ (loge 2.62); infrared (nujol), C = O 
5.72 (s), 5. ?8 (s), 5.89 (s) µ , C = C 6, 24 (m) µ . 
Anal. Calcd. for C24H28O5N2 : C, 67.90; H, 6.65; N, 6.60. Found: 
C, 68. O1 ; H, 6.49; N, 6. 54. 
Na-Tosylgelsemine (VIII). —A mixture of 3~ 08 g of gelsemine and 
0.40 g of potassium in 100 m~ of anhydrous benzene was stirred vigor-
ously and refluxed under nitrogen for 16 hours. After addition of 1.84 g 
of p-toluenesulfonyl chloride in 40 ml of anhydrous benzene to the cream-
colored suspension the stirring and refluxing was continued for 8 hours. 
A solution of 50 ml of water and 35 ml of methanol was added slowly, the 
mixture stirred for an hour at room temperature, the aqueous layer 
brought to pH 10 by the addition of sodium hydroxide and the layers 
separated. The organic solution was washed with water and the aqueous 
layer with two 50 ml portions of benzene. The combined organic extracts 
were dried over magnesium sulfate, filtered and chromatographed on 
neutral alumina. The major product was eluted with benzene, while a 
small amount of unreacted gelsemine was obtained from the chloroform 
eluates. Four crystallizations from ether gave 2.35 g (52%) of white 
needles, m.p. 133-135°, [a] D-28.4°; spectra: ultraviolet, shoulder 
230mµ (loge 4.19), 289mµ (loge 2. 85~, infrared (CHC13), C = O 5.70 (s)µ, 
C = C 6.12 (w), 6.25 (m)µ. Concentration of the mother liquors gave an 
additional 1.40 g (31%) of crude product, m.p. 130-134°. 
Anal. Calcd. for CZ7H28O4IV 2S: C, 68.05; H, 5.92; N, 5.88. Found: 
C, 67.98; H, 5.95; N, 6.05. 
A chloroform solution of Na-tosylgelsemine (VIII) and excess methyl 
iodide was refluxed for 1 hour. Removal of the solvent left a residue, 
which on three crystallizations from methanol yielded white flakes of 
crystalline methiodide, m.p. 250-252° dec. , [a]D ZO°. 
Anal. Calcd. for C28H31O4N2SI: C, 54. 37; H, 5.05; N, 4.53. Found: 
C, 54, 43; H, 5.37; N, 4.47. 
Amino Acid IX,  — A solution of 162 mg of sodium hydroxide in Ovate r 
was added to 500 mg of Na-tosylgelsemine (VIII) in 40 ml of ethanol and 
the mixture refluxed for 22 hours. After partial concentration of the 
mixture it was acidified with hydrochloric acid and sodium bicarbonate 
added. The cloudy solution (whenever a precipitate formed, it was fil-
tered and worked up in the following manner) was extracted with ten 60 
ml portions of chloroform and the resulting solution dried over sodium 
sulfate. After filtration and solvent removal 450 mg (87%) of white solid 
was obtained, which on four crystallizations from methanol gave 250 mg 
of white crystals, m. p. 185-187° ; spectra: ultraviolet, ~ shoulder 223mµ 
(loge 4. 22) and 280mµ (loge 3.26), infrared (CHC13), OH, NH (3. 22(w)µ, 
NH broad 4.06-4, 35(mµ, C = O 6.22(s)µ, C = C 6.30(m)µ, The analytical 
sample was dried under vacuum at 100 ° for 3 hours. 
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Anal. Calcd. for CZ7H30O5NZS• CH3OH: C, 63.86; H, 6.51 ; N, 5.32. 
Found: C, 63.93; H, 6.45; N, 5.50. 
Concentrated sulfuric acid, 5 ml, was added to a suspension of 100 mg 
of the amino acid IX in 5 ml of water and the mixture allowed to stand at 
room temperature for 4 hours. The mixture was poured onto 15 g of ice 
and the slurry extracted with 175 ml of chloroform in four portions. The 
extracts were washed with 5% sodium carbonate solution, dried over 
magnesium sulfate and evaporated under vacuum. A 1 :1 petroleum 
ether -benzene solution of the residue was chromatographed on neutral 
alumina, which led to a benzene eluate of 50 mg whose infrared spectrum 
was identical in all respects with that of Na-tosylgelsemine (VIII). 
A solution of 9. 5 mg of sodium hydroxide in 2. 5 ml of water was added 
to a solution of 50 mg of the amino acid IX in 50 ml of ethylene glycol. 
The mixture was distilled up to a vapor temperature of 193° and then 
refluxed under nitrogen for 2 hours. Thereupon the solvent was removed 
under vacuum, the residue dissolved in dilute hydrochloric acid (pH2) 
and the solution extracted with chloroform. After addition of sodium 
bicarbonate the aqueous solution was extracted further with four 50 ml 
portions of chloroform. The combined organic extracts from the neutral 
solution were dried over sodium sulfate, filtered and evaporated. The 
remaining white solid, 30 mg, had an infrared spectrum identical with 
that of gelsemine. Crystallization from acetone gave white crystals, 
m.p. 173-177°, m.m.p. 1.74-177° with gelsemine acetonide. 
Iodolactone XIV . — A mixture of 50 mg of amino acid IX, 26 mg of 
iodine, and 1 g of sodium bicarbonate in 50 ml of chloroform was allowed 
to stand in the dark for 1 6 days . The colored mixture was filtered, 
evaporated under vacuum and the residue chromatographed on neutral 
alumina. Elution with 1 :l benzene-chloroform yielded an oily brown 
solid and an amorphous white solid whose infrared spectrum (CHC13) 
exhibited peaks at 2. 8(w), 2. 97(w), 5. 77(s), and 6.27(m)µ. 
Amino Alcohol X. — A mixture of 605 mg of Na-tosylgelsemine and 
45 mg of lithium aluminum hydride in 50 ml of anhydrous dioxane was 
refluxed for 16 hours under nitrogen. After hydrolysis with 10 ml of 
90% methanol, the reaction mixture was evaporated to dryness under 
vacuum. The residue was dissolved in 40 ml of 5% hydrochloric acid and 
the solution stirred with 40 ml of chloroform while it slowly was made 
basic with sodium carbonate. The resulting slurry was filtered and the 
solid washed twice with 40 ml portions of boiling chloroform. The two 
phases of the combined filtrates were separated and the organic phase 
dried over sodium sulfate, filtered and evaporated under vacuum. The 
residue was crystallized six times from benzene and dried under high 
vacuum at 100° for 4 hours; m.p. 265-266° dec., [a]D-88.3°; spectra: 
ultraviolet, Amax 221mµ (log E 4.20) and 255mµ (logE 3.75), A my 248mµ 
(logs 3. 74); infrared (CHC13), OH 2.80(w)µ, NH 3. 05(w)µ. C = C 6. 16(w), 
6.26(m)µ. 
Anal. Calcd. for CZ7H32O4N 2S: C, 67.48; H, 6. 71 ; N, 5.83. Found: 
C, 68. O1 ; H, 6.38; N, 5.83. 
Na-Tosyldihydrodesoxogelsemine (XI). —A solution of 170 mg of di-
hydrodesoxogelsemine, m.p. 138-139° lreported (19) m.p. 137.0-137.5°], 
and 140 mg of tosyl chloride in 10 ml of pyridine was warmed on the 
steam bath for half an hour and then left standing at room temperature 
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for 12 hours. After the addition of 10 ml of water the mixture was 
concentrated and the resulting pink syrup partitioned between chloroform 
and dilute sodium hydroxide solution. The organic extract was dried 
over magnesium sulfate, filtered and evaporated to dryness. Chrorna-
tography of the residue on neutral alumina led to a solid product in the 
4:1 benzene-chloroform eluates. Three crystallizations from ether 
yielded white needles, m.p. 153-155°, [a] D -44 ultraviolet spectrum, 
`max 221mµ (loge 4. 18~ and 262m~ (loge 3.84), `min 245mµ (loge 3. 75~. 
Anal. Calcd. for C27H30O3N2S: C, 70.10; H, 6.54; N, 6.06. Found: 
C, 70.39; H, 6.52; N, 6. 10. 
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ABLIN, HENRY LOUIS 
Electronic recognition of guided 
handwritten characters . 
Electrical Engineering 
ALLENSPACH, ALLAN LEROY 
Histochemistry of the esophagus 
in the developing chick. 
Zoology and Entomology 
ALLION, MAURICE GEORGES 
Inf luence of direction of rolling 
on wear of zinc. 
Nuclear Engineering 
ALTPETER, LAWRENCE L. 
Emission spectrometric 
determination of oxygen in 
vanadium. 
Chemistry
ANDERSON, WILLIAM JUDSON 
Vibration of a 60° delta wing 
model. 
Aeronautical Engineering 
ANSARI, AB DU L QUAY 00 M 
Leaf temperatures. 
Botany and Plant Pathology 
AUDEH, NADEEM FAWZI 
Transmission line matching 
using semiconductor diodes. 
Electrical Engineering 
AUSENHUS, ROBERT A. 
Productivity and income of 
Iowa farms. 
Economics and Sociology 
BAKER, ERIC GORDON 
Relationship of rate to economy 
of gain in beef cattle. 
Animal Husbandry 
BARNES, HAROLD FREDERICK 
Effects of sodium carbonate on 
lime stabilized clay soils. 
Civil Engineering 
BARYON, ERVIN MARK 
Development of a "Kuder 
Preference Record Occupational 
Form D" scoring key for 
secondary school counselors. 
Vocational Education 
BASSON, RODNEY PETER 
Incomplete block designs 
augmented with a repeated 
control. 
Statistic s 
BATSMAN, SIMEON DAVID 
Sources of agricultural 
ir~ormation used by radio 
stati ons, television stations 
and daily newspapers in North 
Dakota . 
Vocational Education 
BAUGHMAN, ROBERT WILLIAM 
Influence of penicillin on the 
morphology and growth of 
lactic streptococci. 
B acteriology 
BECK, DONALD MILLER 
Changes in reactivity in a 
subcritical assembly owing to 
localized perturbations. 
Nuclear Engineering 
lA circulating copy of each thesis is available in the Iowa State University 
Library. A microfilm or a photostat copy of a thesis may be purchased 
from the Iowa State University Library, Ames, Iowa. 
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BECKWITH, ALFRED CHARLES 
Titration studies of the unfolding 
of beta-lactoglobulins in the 
presence of guanidine hydro-
chloride. Chemistry
BENN, CLARK HAMILTON 
Stabilization of clay soils with 
phosphoric acid. 
Civil Engineering 
BENOIT, GEORGE RAYMOND 
Soil water movement and 
retention in Colo clay loam. 
Agronomy
B ETHEA, ROBERT MORRISON 
Factors affecting efficiency of 
separation in gas chroma-
tography columns. 
Chemical Engineering 
BEVERIDGE, JOHN LAWRENCE 
The influence of depth of 
planting, seed size, and variety 
on emergence and seedling 
vigor in alfalfa. Agronomy 
BIRD, VIOLET STEINER 
Design of interchangeable 
cabinet doors to vary kitchen 
decor. Applied Art 
BITTNER, RICHARD HUMMEL 
Relation between high school 
characteristics and status of 
farm-reared male graduates 
in nonfarm occupations. 
Vocational Education 
BLAIR, DAVID ELMER 
Eriochrome black T, related 
azo dyes and their metal 
derivatives . Chemistry 
BOND, PAUL RILEY 
Increasing voltage ratings of 
transistor switches. 
Electrical Engineering 
B OR.N, HAROLD JOSEPH 
Thermal expansion of La-Y 
alloys. Physics 
BOUMAN, JEANNE 
An adult homemaking program 
for Egyptian village women. 
Home Economics Education 
BRAY, HENRY GILBERT 
Functional equations of the 
Cauchy type. Mathematics 
BRINK, N. JEAN 
Equations of plane geometrical 
curves in a conjugate coordinate 
system. Mathematics
B RISB ANE, HELEN MARIE 
Effect of dry roasting and 
poach roasting on quality and 
yield of boned turkey rolls. 
Institution Management 
BROOKS, HOUSTON GEORGE, JR. 
Syntheses and reactions of 
some organosilicon hydrides. 
Chemistry
B RO WN, MARJORIE SICKLES 
Factors associated with 
housing conditions of families 
in south central Iowa who 
started farming in 1953. 
Home Management 
BROWN, MARY LOUISE 
Labeling preferences of 
consumers of blouses. 
Textiles and Clothing 
BRUNS, BERNARD WILLIAM 
Comparison of Type I and 
Type III Portland cements in 
soil-cement mixtures. 
Civil Engineering 
BRYANT, RUSSELL WILLIS 
Analysis of resource returns 
on selected Iowa farms. 
Economics and Sociology 
BRYANT, SONIA VEGELL 
Guides for location of built-in 
ranges and ovens in home 
kitchens. Household Equipment 
BURKE, KEITH EUGENE 
I. Determination of fluorine in 
rare earth fluorides. 
II. Extraction-spectrophotometric 
determination of uranium. 
Chemistry
BURTON, JAMES DONALD 
Influence of moisture-
conserving treatments on 
survival of pines planted on 
coal spoils. Forestry 
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CAMPBELL, DAVID PHILLIP 
Factor analysis of clusters 
of life history items. 
Psychology
CARIUS, ROBERT WILHELM 
Neutron diffusion in a 
subcritical assembly with 
sinusoidal source oscillation. 
Nuclear Engineering 
CARLSON, GERALD EUGENE 
Effect of freezing temperatures 
on seed viability and seedling 
vigor of grain sorghum. 
Agronomy 
CARLSON, NANCY BLENDA 
Sound intensity levels in houses 
with different floor coverings. 
Household Equipment 
CASEY, JOHN WESLEY 
The intermediate unit of school 
administration in Iowa. 
Vocational Education 
CHAMB ERLIN, JAMES WESLEY 
Structure studies in the resin 
acid series. Chemistry
CHRISTENSEN, DON NEWELL 
Relation between high school 
vocational agriculture training 
and status of graduates in 
nonfarm occupations related 
to farming. 
Vocational Education 
CHRISTIAN, JACKIE LEE 
Vapor pressure measurements 
over copper -magnesium alloys. 
Metallurgy 
CLIFFORD, JOHN CHARLES 
A loop for circulating liquid 
lead-bismuth mixtures: 
corrosion and equipment studies . 
Chemical Engineering 
COLONY, MARION HAROLD 
Factors affecting the demand 
for operating credit in Iowa 
agriculture. 
Economics and Sociology 
COLVIN, RICHARD VANCE 
Electrical resistivity of Tb, 
Ho and Er . Physic s 
COOPER, GLENN ADAIR 
Some factors affecting the 
specific gravity of plantation 
grown red pine. Forestry
CORLISS, MARY -JANE 
Social and economic factors 




Spectral study of the attenuation 
of gamma radiation. 
Nuclear. Engineering 
CURRY, MARTHA ALICE 
Electrical resistivity of Sm, 
Eu, Tm, Yb, and L•u. Physic s 
DAHL, CAROL LYNN 
Effect of temperature and pH 
on the rate of action of salivary 
amylase. Chemistry
DAVIS, LEODIS 




The Laplace transform and 
convolution. Mathematics
DE FAYETTE, ROBERT WILFRED 
Kinetics of the reaction between 
yttrium and water vapor. 
Chemistry
DIAZ, WINNIFRED ELIZABETH 
Instruments for determining 
characteristics of school 
clothing important to ninth 
grade girls and their mothers. 
Textiles and Clothing 
DONHOWE, CHARLES EDWARD 
Certain economic principles in 
farm and home development. 
Economics and Sociology 
DORLING, MICHAEL JOHN 
Application of linear program-
ming to horticulture production 
under glass in Britain. 
Economics and Sociology 
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DUKE, MARVIN LEONARD 
Neutron shielding properties 
of mortars containing haydite 
aggregate . 
Nuclear Engineering 
DUNNING, WAYNE WOODSON 
Tetrachloroplatinate (il.~ 
successive replacement 
equilibria of ligands by bromide. 
Chemistry
DUNTEMAN, GEORGE HENRY 
Factor analyses of course 
grades and aptitude measure s 
of electrical engineers. 
Psychology
DUPONT, JOHN ALFRED 
A kinetic study of the conversion 
of tetraborane (10~ to 
pentaborane (1 1 ~ . Chemistry 
DURIAN, MARGARET BEDFORD 
Plans of eleventh and twelfth 
grade girls for the year follow-
ing graduation from high school. 
Home Economics Education 
EIK, KALJU 
Evaluation of residual effects 
of phosphate fertilization by 
means of laboratory and plant-
response method. 
Agronomy 
ESCANILLA, OFELLA IGNACIO 
Effect of storage and of cooking 
on chlortetracycline residue in 
meats. Food Technolog,L 
ESCARRILLA, AMPARO M. 
Hydroxy derivatives of 
1, 10 -phenanthroline . 
Chemistry
ETHINGTON, ROBERT LOREN 
Mechanical properties of beams 
laminated from two species of 
wood. Theoretical and 
Applied Mechanics 
EVANS, RUTH LORET TA 
Problems considered important 
by ninth and tenth grade pupils 
in Desoto Parish Training School. 
Home Economics Education 
FANELLI, MARY JEANNE 
Incidence and kinds of micro-
organisms isolated from 
commercially prepared chicken 
pies. Food Technology 
FIELDS, EVA MAE 
Personal-social relationship 
problems recognized by girls 
in four Negro high schools in 
Louisiana . 
Home Economics Education 
FIFE, HARVEY DREXEL 
An appraisal of the farm and 
home development program in 
Delaware County, Iowa. 
Vocational Education 
FISCHER, HAROLD EDWARD 
An analysis of ideological 
remolding. Psychology 
FLESCH, GERALD D. 
Abundances of the chromium 
isotopes in chromium ores. 
Chemistry
FOX, HAROLD GENE 
Ionization of some rare earth 
atoms at metallic surfaces. 
Physic s 
FRENCH, FRANK ELWOOD, JR. 
Three systemic insecticides 
for cattle grub control. 
Zoology and Entomology 
FRENCH, HELEN MAXINE 
Predicting achievement in the 
Mason City Junior College. 
Vocational Education 
CAGE, JOH1~T WEARE, JR. 
Unidentified growth factors for 
swine. Animal Husbandry 
GIB LEY, CHARLES WILLIAM, JR. 
Influence of certain purines and 
pyrimidine s on the development 
of the down feather. 
Zoology and Entomology 
GJEVRE, JOHN ANKER 
Elastic constants of single 
crystal yttrium from 4. Z °K to 
300 °K. General Science 
MASTERS` THESES, 1958-59 179 
GOLL, DARREL EUGENE 
Relationship of beef carcass 




Estimation of combining ability 
variance from diallel crosses of 
inbred lines in the fowl . 
Poultry Husbandry 
GRANTHAM, DANIEL HARRISON 
Electrical double-layer 
impedance at the mercury-
aqueous perchloric acid 
interface. Chemistry
GRIMES, MICHAr.L 
A Zener diode squaring circuit. 
Electrical Engineering 
HAGAN, JOHN WARREN 
Estimation of replacement 
cost depreciation for industrial 
properties . 
Industrial Engineering 
HANSEN, JOF-.N ANDREW JR. 
Geologic and engineering 
properties of till and loess, 
southeast Iowa. Geology 
HANSON, MARLIN LEWIS 
Compensation for soil 
improvements on rented farms. 
Economics and Sociology 
HARMS, PAUL MARLIN 
Polynomial solutions of the 
differential equation 
Ayl = B +Cy+Dy2+Ey3 . 
Mathematic s 
HEDGES, RALPH RICHARD 
Fast and thermal neutron fluxes 
in a graphite moderator. 
Nuclear Engineering 
HENDERSON, JERALD MILTON 
Hardened nail in a single nail 
loaded wood joint. 
Agricultural Engineering 
HENSEL, JAMES WILLIAM 
Relation between high school 
characteristics of farm reared 
senior boys and their occupa-
tional choices. 
Vocational Education 
HERBERT, IAN VESSEY 
Effect of salicylate, pantothenate, 
and cortisone on Trypanosoma 
lewisi infection in the rat. 
Zoology and Entomology 
HERMANN, ROBERT JAY 
Response of lineaz filters to 
non-Gaussian random inputs. 
Electrical Engineering 
HESTERMAN, VICTOR WALTER 
Effects of deformation on 
superconducting me tals . 
Physic s 
HIEDEMANN, DALE MILLER 
Prediction of achievement in 
freshman mathematics at Iowa 
State College for Ames High 
School graduates. 
Vocational Education 
HILL, FRANKLIN DELANO 
Postpartum changes in bovine 
serum proteins and whey proteins 
of mammary secretions. 
Chemistry
HILT, GEORGE HARRISON 
Lime fixation in clayey soils. 
Civil Engineering 
HILTROP, CARL LEE ROY 
Relation of pore size distribution 
to the petrography of some 
carbonate rocks. Geology
HOBBS, EARNEST LA GRANDE 
Environmental factors affecting 
germinability of urediospores of 
Cinea coronata Corda. 
Botany and Plant Pathology 
HOKE, KARL EUGENE 
Effect of arterially injected 
proteolytic enzymes on tender-
ness of beef. 
Animal Husbandry 
HOOPES, DAVID TO WNSEND 
Utilization of mayflies and 
caddis flies by some Mississippi 
River fishes. 
Zoology and Entomology 
HOWE, TREVOR GENE 
Predicting success in the aviation 
core area at Des Moines 
Technical High School. 
Vocational Education 
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HUB ER, JOHN TALMAGE 
Relationship of age and diet 
to digestive enzyme activity 
in the calf . 
Animal Husbandry 
INDIG, MAURICE 
The barium-barium hydride 
phase diagram. Metallurgy
iRWIN, GEORGE DAVID 
Effect of integrated pork 
production on individual farm 
firms . 
Economics and Sociology 
JACKSON, DON MERRILL 
An ion source for molecular 
effusion studies. Physics
JAMES, ROW ENA G . 
A scale to measure high school 
students' attitudes toward their 
intellectually gifted peers. 
Vocational Education 
JANSMA, JOHN DEAN 
Reassessment of farm real 
estate in Osceola County, 
Iowa, 1956. 
Economics and Sociology 
JENSEN, CREIGHTON RANDALL 
Soii compaction, soil moisture, 
and soybean growth. 
Agronomy 
JOHNSON, RICHARD EMMANUEL 
Fate of insecticidal residues on 
corn stover in relation to dairy 
cattle feeding. 
Zoology and Entomolo•y 
JOHNSON, CALVERT A. 
Non-continuous mothering and 
infant intelligence. 
Vocational Education 
JOHNSON, KENNETH OLIVER 
Extraction of cadmium iodide 
by isoamyl alcohol. Chemistry
JONES, ROBERT GAYLOR 
High school vocational 
agriculture training and status 
of graduates in occupations not 
related to farming. 
Vocational Education 
JOSEPHSON, PAUL RICHARD, JR. 
Fused salt extraction of 
magnesium from a magne sium-
bismuth alloy. 
Chemical Engineering 
JOSLIN, KENNETH HAZEN 
Factors affecting future farming 
opportunities in Iowa. 
Economics and Sociology 
JOSLIN, MARJORIE JANE HILL 
Improvement of farm family 
housing associated with age of 
home maker . 
Home Management 
JOWANOVITZ, LLOYD S. 
An activation analysis for 
iridium in platinum. Chemistry
JUDISCH, CLARA MANN 
Minnesota multiphasic 
personality inventory scores 
of unwed mothers. 
Child Development 
JUNK, GREGOR ALBERT 
Nitrogen isotope abundance 
measurements. Chemistry
KING, ELBERT EUGENE 
Optimum time of application of 
emulsion and granular formula-
tions of DDT for the control of 
European corn borer. 
Zoology and Entomology 
KOENIG, PHYLLIS FARRELL 
Infrared transmission of Mg2Si . 
Physics 
KONTRIMAS, RICHARD 
Distribution of silver between 
liquid zinc and liquid lead. 
Chemistry
KOONTZ, DONALD H. 
Decision making in a rural church. 
Economics and Sociology 
KRAUSE, KENNETH RAYMOND 
Influence of farm resources on 
the choice of a hog production 
system. 
Economics and Sociology 
KU LB ERG, GORDON ERIC 
Biographical antecedents of 
engineering interests. 
Psychology 
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LANK, ROBERT B YRON 
Bovine electrocardiography in 
normal, tranquilized and 
certain abnormal animals. 
Veterinary Medicine and 
Surgery 
LAWRENCE, HAZEL HER2~IANSON 
Preferences of mothers and 
sons for clothing of eighth grade 
boys. Textiles and Clothing 
LAY TON, EDGAR MILLER, JR. 
Empirical determination of 
energy integrals between carbon 
atomic orbitals from experi-
mental data of benzene . 1
Chemistry
LEE, ILB OK 
Some aspects of biological 
assay of insecticidal residues. 
Statistic s 
LEE, TI-TA 
Moment analysis for bridge 
abutment wingwalls of variable 
thickness . 
Mechanical Engineering 
LEISER, MAURICE HOWARD 
Theory of rock bolting and its 
application in underground 
structures . 
Civil Engineering 
LEWIS, ALBERT CORNELIUS 
Mechanical ventilation for 
moisture control in farm -
stored grain. 
Agricultural Engineering 
LEWIS, LEYBURN FRED 
Resistance of larvae of the 
honey bee (Apis mellifera L.~ 
to American foulbrood. 
Zoology and Entomology 
LIEBICH, JANE GILMAN 
The Episcopal Church and 
American foreign policy, 
1939-1941. History, 
Government and Philosophy 
LIGON, JAMES TEDDIE 
Infiltration capacities of 
Fayette silt loam from 
hydrologic data. 
Agricultural Engineering 
LINK, DAVID ALAN 
Farm machinery selection from 
system economics. 
Agricultural Engineering 
LITTLE, CHARLES OR.AN 
I_n vitro techniques for measuring 
trace mineral responses of rumen 
microorganisms. 
Animal Husbandry 
LOGAN, VERNE ARTHUR 
Combining ability performance 
of white Leghorn strain crosses. 
Poultry Husbandry 
LUO, HUEY-LIN 
Buckling of a thin clamped disk 
under a radial temperature 
gradient. Mathematics
LYSEN, NANCY MERCHANT 
Effect of mothering on the 
physical status of one-year -old 
infants. Child Development 
MAC PEAK, MALCOLM DALE 
Evaluation of several proposed 
nailing schedules for red oak. 
Forestry 
MAGNUSSON, JON REYNIR 
Separation of triglycerides by 
crystallization in a temperature 
gradient. Food Technology 
MAGRABI, FRANCES MARIE 
Differences between parents' 
and daughters' criteria in 
selection of eighth grade girls' 
clothing. Textiles and Clothing 
MARTIN, ELWOOD MONROE 
River float and roost flight 
counts as indices to numbers of 
wood ducks. 
Zoology and Entomology 
MATSON, LENORANN LEWIS 
Polarimetric studies with 
amylodextrin and alpha-
Schardinger dextrin. Chemistry
MAUSTON, GLENN WARREN 
Timing of insecticide applications 
for second brood corn borer 
control. 
Zoology and Entomology 
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MC DERMOTT, MARK ARTHUR 
An irradiation facility with a 
two-Curie cobalt -60 source. 
Nuclear Engineering 
MC GEE, THOMAS DONALD 
Applicability of linear pro-
gramming theories in the 
refractories industry. 
Industrial Engineering 
MC INTOSH, THOMAS HENRY 
Retention and nitrification of 
anhydrous ammonia in soil. 
Agronomy
MC—MECHAN, ARDIS WALTER 
Selected economic factors 
related to pork consumption 
in Des Moines, Iowa. 
Home Management 
MC NINCH, HERBERT ALTON 
Preparation and some reactions 
of organolithium reagents of the 
benzyl type. Chemistry 
MELCHER, JAMES RUSSELL 
Electromagnetic field analogy 
for neutron diffusion theory. 
Nuclear Engineering 
MELTON, GEORGE WILSON, JR. 
Source and solution of eigenvalve 
problems. Mathematics 
MENESES, EDMUNDO DELGADO 
A model of growth for the 
United States, 1869-1953. 
Economics and Sociology 
MEYERHOFF, ROBERT WAGNER 
Anistropic thermal expansion 
of zinc, beryllium, and yttrium 
single crystals at low tempera-
tures. Chemistry 
MILEY, JAMES FRANCIS 
Operation of pressure vs. 
vacuum diatomite filters using 
iron-containing water. 
Civil Engineering 
MILLER, PHILIP CLEMENT 
Leadership emergence in a 
summer camp. 
Economics and Sociology 
MILLER, RICHARD LLOYD 
A biological assay of Guthion 
residues. 
Zoology and Entomology 
MILLHONE, RALPH STANLEY 
Effect of ultrasonics on heat 
transfer by convection. 
Chemical Engineering 
MITCHELL, FRANK EDWARD 
Incidence of lyssa in one 
hundred cats submitted for 
rabies examination. 
Veterinary Pathology 
MUNDAY, WILLIAM ALBERT 
Chromaticity correction for 
color television under varying 
illuminants . 
Electrical En  gineering 
MYERS, RICHARD EARL 
Estimation of consecutive dry 
days at Ames and Corydon, Iowa. 
Agronomy 
NADIG, EUGENE WARREN 
Recovery of uranium in the 
manufacture of wet process 
phosphoric acid. 
Chemical Engineering 
NEFF, DAVID LEE 
Mechanism of the decomposition 
of dimethyl-N-(Z-cyano-2-propyl~-
ketenimine. Chemistry
NICHOLS, KEITH MARTIN 
Farming information sources 
preferred by Iowa farmers. 
Technical Journalism 
NOGUERA, GUILLERMO 
Soil stabilization with lime used 
as a slurry. Civil Engineering 
O`FLAHERTY, COLEMAN ANTHONY 
Stabilization of gravelly and stony 
soils with lime and fly ash. 
Civil Engineering 
OLSON, GERALD RUDOLPH 
Direct shear and consolidation 
tests of undisturbed loess. 
Civil Engineering 
OLSON, MARY OLGA 
Evaluating performance of 
work trousers. 
Textiles and Clothing 
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ORR, ROBIN MOORE 
Liver composition of pregnant 
rats fed diets containing 
lactalbumin protein supple-
mented with selected amino 
acids. Food and Nutrition 
O'SULLIVAN, JOHN B LANDFORD 
Geology and bituminous 
stabilization of soil materials 
at Point Barrow, Alaska. 
Geology
OWINGS, WILLIAM JAMES 
Relation of arginine and lysine 
to feather development and 
growth of chicks. 
Poultry Husbandry 
PARSONS, GERALD EDWARD 
Homemakers' participation 
in an extension program. 
Economics and Sociology 
PAU LSON, IVAN WUNDER 
Means and variances of 
synthetic 1 recombination as 
related to population sizes 
within Sl lines of P~Ielilotus 
officinalis. Agronomy 
PERSHAD, VIMLA 
Adaptation of intelligence 
testing materials suitable for 
Hindi speaking children. 
Child Development 
PETERSON, KYLE RAYMOND, 3R. 
Effect of soil fertility on corn 
and oat responses to fertilizer 
on Missouri River bottomland 
soils. Agronomy 
PETERSON, LEONARD DEAN 
Strain propagation in a 
circular rod of visco-elastic 
material. Theoretical and 
Applied Mechanics 
PLUNKETT, JOHN JAMES 
Stabilization of soils with a 
fatty amine acetate and lignin. 
Civil Engineering 
PONDER, BILLY WAYNE 
Hydrolysis of oximes with 
levulinic acid. 
Chemistry
POTTER, ALLAN GEORGE 
A torque-speed curve tracer 
for two-phase servomotors. 
Electrical Engineering 
RACHUT, STELLA 
Stability of Johnson Home 
Economics Interest Inventory 
scores at three levels: fresh-
man, senior, and one -the -job . 
Home Economics Education 
REHDER, DUDLEY DEAN 
Some aspects of the life history 
of tht carp, Cyprinus carpio, 
in the Des Moines River, Boone 
County, Iowa. 
Zoology and Entomology 
REULAND, ROBERT JOHN 
Decay of antimony-127. 
Chemistry
REVELO, MIGUEL ANTONIO 
Field experiments with the 
fungus, Beauveria bassiana, 
(Bals~ Vuill for control of the 
European corn borer. 
Zoology and Entomology 
RICHARD, JOHN JOSEPH 
Preparation and quantitative 
dehydrogenation of some 
vic-dioximes. Chemistry
ROB ERTS, DONALD WILSON 
Biology and control of 
Evora hemidesma (Zeller 
(Lepidoptera : Olethreutidae~ 
Zoology and Entomology 
ROBINSON, CAROL JEAN 
Pictorial technique for measur-
ing attitudes and beliefs about 
infants by women in a home 
management residence course. 
Home Management 
ROBINSON, TED RICHARD 
Guilford-Zimmerman tempera-
ment profiles of Iowa vocational 
agriculture instructors. 
Vocational Education 
ROB INSON, THOMAS JOHN 
Riemann intergration on sub-
spaces of the real line. 
Mathematic s 
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ROWS, RICHARD JAY 
Effect of speed on the elements 
of draft of a simple tillage tool. 
Agricultural Engineering 
RYAN, PIERCE 
Morphology and extent of 
Muscatine and Tama soil series 
in Muscatine County, Iowa. 
Agronomy
RYAN, THOMAS DAVID 
Structure of ethylenediamine-
dib romoplatinum(II~ -ethylene -
diaminetetrab romoplatinum(IV) . 
Chemistry
SALMELA, MELVIN RAYMOND 
Relation between home charac-
teristics of farm-reared senior 
boys and their occupational 
choices. Vocational Education 
SANDER, EUGENE HARRY 
Molecular distillation charac -
teristics of milkfat, other food 
fats and their mixtures. 
Food Technology 
SANDERS, CHARLES IRVINE 
Acid hydrolysis of tetrachloro-
platinate(II~ and trichloroaquo-
platinate(II). Chemistry 
SANDOVAL, ANGELITO RIVERA 
Relation of actinometer and 
sunshine observations to 
pyrheliometer data. Agronomy
SASSCER, DONALD STUART 
Shielding characteristics of a 
single crystal for gamma-rays 
of selected energies. 
Nuclear Engineering 
SCHAIBLE, ROB ERT HILTON 
Delimitation of pigment areas 
in mosaic and selected piebald 
genotypes of the mouse. 
Genetics . 
SCHMIDT, BERLIE LOUIS 
Methods of controlling erosion 
on newly-seeded highway 
backslopes in Iowa. 
. Agronomy
SCHROEDER, PATRICIA JEAN 
Host-parasite relationships. of 
Spirorchis elegans Stunkard 
Trematoda : Spirorchiidae and 
other Helminths of turtles . 
Zoology and Entomology 
SEAGRAVE, RICHARD CHARLES 
Mass transfer in liquid streams. 
Chemical Engineering 
SEATH, CYNTHIA NAPIER 
Changes in student attitudes and 
beliefs about infants during a 
home management residence 
course . Home Management 
SEATH, DONALD DWIGHT 
Effect of high-lift devices on the 
low speed characteristics of a 
sweptback wing. 
Aeronautical Engineering 
SELL, JERRY LEE 
Growth and carcass composition 
of broilers as influenced by oral 




Energy values of self -chosen 
diets of three adult women. 
Food and Nutrition 
SMALL, LAWRENCE FREDERICK 
Estimates of standing crop of 
plankton in Clear Lake, Iowa. 
.Zoology and Entomology 
SMITH, CARLETON WALLACE 
Leadership patterns in three 
Iowa communities . 
Economics and Sociology 
SMITH, CLIFFORD ELLSWORTH 
Accident experience by age 
groups in a large Iowa utility. 
Industrial Engineering 
SMITH, GAYLORD DARRELL 
Mechanical properties of 
vanadium at low temperatures. 
Metallurgy 
SMITH, ROBERT CARL 
Evaluation of various methods of 
reagents for total hardness and 
calcium hardness in water. 
Chemistry
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SMITH, RONNIE VANCE 
Spectrophotometric determina-
tion of nickel and palladium 
with 4-methyl-1, 2-cyclohexane-
dionedioxime. Chemistry
SOILEAU, JOHN MILLARD 
Morphology of some soils of 
the Coggon series. 
Agronomy 
SPARKS, ALTON NEAL 
Control of the European corn 
borer on sweet corn with four 
insecticides . 
Zoology and Entomology 
SPIELERS, BARBARA JEANNE 
Problems recognized by 
beginning vocational home 
economics teachers in a 
midwestern area. 
Home Economics Education 
STANTON, ROBERT MICHAEL 
Specific heat of terbium from 
1 . 5 to 4. Z and from 13 to 350 
degrees Kelvin. Chemistry
STEIN, LAWRENCE HIGH 
Aerolastic properties of 
trapezoidal wing shapes of 
uniform thickness . 
Aeronautical Engineering 
STICKLER, HAROLD ANDREW, JR. 
Influence of Milo Reno on the 
Iowa Farm Holiday Association 
as covered by three Iowa dailies. 
Technical Journalism 
STRAFUSS, ALBERT CHARLES 
A central nervous system 
reaction to disturbances in 
ruminant digestion. 
Veterinary Pathology 
STRAND, ASTRID MAE 
Effects of home floor coverings 
on child rearing practices . 
Child Development 
STROHBEHN, ROGER WALLACE 
Ownership structure of Iowa 
farm land. 
Economics and Sociology 
SULIK, JOHN ANTHONY 
Hydrological effects of the 
September 5, 1958 storm at 
Casey, Iowa. Civil Engineering 
SWINK, LAURENCE N. 
The crystal structure of 
triethylenediaminenickel(II~ 
nitrate. Chemistry 
TANNER, MILDRED EILEEN 
Equilibria and kinetics of copper 
(II) -keratin systems in relation 
to concentration. Cliernistry
TARRANT, DONALD HAROLD 
Sources of down payments for 
house purchases in Ames, Iowa, 
1957-58. 
Economics and Sociology 
TASCIOGLU, GUNGOR 
Stress distribution in a hyper-
bolic paraboloidal shell under 
concentrated loads. 
Mechanical Engineering 
TAWES, ROBERT HUGH 
Improvement of soil -cement 
with the mic a1 additives . 
Civil Engineering 
TAYLOR, IRMA MARGARE T 
Effect of electronic precooking 
on bone darkening and on quality 
of frozen chicken broilers. 
Food and Nutrition 
THOMPSON, EDMOND JAMES 
Evaluation of different 
laboratory indexes of soil 
phosphorus availability. 
Agronomy 
THOMPSON, JAMES ARTHUR 
Separation and determination of 
small amounts of rare earths in 
uranium and thorium. 
Chemistry
THROCKMORTON, THOMAS NEIL 
An analysis of a modified 
cross -over design. Statistics
TISCHER, ROBERT LEE 
Preparation of yttrium fluoride 
using fluorine. 
Chemical Engineering 
TOMASI, RICHARD ALLEN 
Comparison of some organo-
silanes and their carbon analogs. 
Chemistry
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TRAUTWEIN, MARVIN WAYNE 
Differential rates of resource 
adjustment within Iowa 
agriculture, 1940 to 1954. 
Economics and Sociology 
TRENKLE, ALLEN HERMAN 
Effect of dietary amino acids as 
stimulators of rumen function. 
Ar..imal Husbandry 
I'RUSELL, FRED CHARLES 
Pyridine-Z-oximes as analytical 
reagents. Chemistry 
VAIDYA, KUNDA ANANT 
Cholinesterase inhibition by 
extracts of solanaceae. 
7.00logy and Entomology 
VARGHESE, uEORGE 
Biological relationships of 
Armillaria  mellea (Fr.~ Quel. 
Botany and Plant Pathology 
VARMA, MAN MOHAN 
Superchlorination-
dechlorination of a small water 
supply. Civil Engineering 
VENEZIAN, EDUARDO LEIGH 
Use of production credit by 
farm families. 
Economics and Sociology 
VOLD, CARL LEROY 
The structure of U2Zni ~ 
Metallurgy
VOSSOS, PETER H. 
Cr}*stal structure and magnetic 
properties of LiGuC13• ZHZO. 
Chemistry
?YAGNER, WILLIAM MICHAEL 
On periodic solutions of the 
differential equation 
1N 
E AnY(n~(t~ = F(t) where F(t~ 
n=o 
periodic . Mathematic s 
WELLS, CARL EDWARD 
Relation between home charac-
teristics of farm -reared male 
high school graduates and their 
Status in nonfarm occupations . 
Vocational Education 
WESTLAKE, HELEN GUM 
Problems, experiences and 
interests of eleventh- and 
twelfth-grade girls in money 
management. 
Home Economics Education 
WIDDOWS, RICHARD ELMER 
Morphology of reproductive 
systems of Tetrix arenosa 
angusta (Hancock (Orthoptera, 
Tetrigidae~. 
Zoology and Entomology 
WINTER, IVAN ARNOLD 
Drying and maturity of grain 
sorghum as affected by water 
loss from plant parts. 
Agronomy
WILKIN, JOHN THOMAS 
Impact of the U. S. D.A„ support 
program on commercial grain 
storage . 
Economics and Sociology 
WILSON, JOHN FRANCIS 
Gamma ray reflection with thin 
zinc crystals. 
Nuclear Engineering 
WINE, JOHN JOSEPH 
Some effects of reinforcement 
procedures on classroom 
examinations. Psychology
WINTER, DOROTHY MAY 
Development of the seed of 
Abutilon theophrasti. 
Botany and Plant Pathology 
WINTER, GEORGE ROBERT 
Factors influencing the number 
of dairy cows in Iowa. 
Economics and Sociology 
WOZNIAK, DANIEL F. 
Education's first television 
station, WOI-TV, 1y50-1956. 
Technical Journalism 
ZRUDSKY, DONALD RICHARD 
Hall coefficient and resistivity 
of a MgZSI single crystal from 
4°K to 300°K. 
Physic s 
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INDEX TO DOCTORAL DISSERTATIONS BY AUTHORS1
Degree Doctor of Philosophy 
1958-1959 
The these: are listed in alphabetical order by names of authors. 
Each listing includes the name of the author, the title of the thesis, and 
the department. 
ALDINGER, STA1V MERLE 
Saccharin in baby pig nutrition. 
Animal Husbandry 
BABCOCK, GLADYS V~'INIFRED 
Construction of scales for 
measurixig attitude for family 
income. 
Home Economics Education 
BAKER, ROY OSCAR 
Proteolytic enzymes in baby 
pig nutrition. 
Animal Husbandry 
BARNUM, ANDREW HALES 
The phallic complex in the 
Oedipodinae (Orthoptera; 
Acrididae~. 
Zoology and Entomology 
BEERNTSEN, DONALD JOSEPH 
BRYSON, 1~1ARION RITCHIE 
Analysis of farm and haxne 
development benchmark survey 
results and associated statistical 
problems, Statistics 
BUCHANAN, EDWARD BRACY, JR. 
Ultraviolet spectra and ferroine 
reaction. of bipy::idines and 
pyridyl sub:,tituted s-triazines. 
Chemistry
BITRKHr"~RT, LAWRENCE EDWARD 
Pulse column design. 
Chemical Engineering 
BYSTROFF, ROMAN IVAN 
The substituent effect in 
transition metal complexes of 
1, 10 -phenanthroline . 
Chemi str~ 
Phase studies in the uranium- CHRISTIE, BERTRAM RODIVEY 
hafnium system. Chemistry Variance and covariance factors 
BISQUE, RAMON EDWARD in improvement of seed weight 
Silification of argiilaceous in bromegrass, Brorr.us inermis 
carbonate racks. Leyss. Agronomy 
Geology and Chemistry CHUBBUCK, EDWIN RICHARD 
BOWMAN, ALLEN LEE Dynamics of a fly-ball motion 
Transport numbers in fused sensing device. Theoretical
silver chloride-alkali metal and Applied Mechanics 
chloride systems. Chemistry COOPER, RODNEY JEAN 
B OWNS, JOHN GILBERT Muscle development in two 
Neuroanatomy of the brachial genetic groups of swine as 
plexus of the dog, influenced by the amount of 
Veterinary Anatomy feed and length of feeding. 
Animal Husbandry 
1 A circulating copy of each complete thesis is available in the Iowa State 
University Library, Ames, Iowa. Abstracts of these theses are published 
in Dissertation Abstracts. A microfilm or a photostat copy of a thesis 
may be purchased from Dissertation Microfilms, 313 N. First Avenue, 
Ann Arbor, Michigan. 
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DAY, BILLY NEIL 
Experimental study of estrus 
and ovulation in swine . 
Animal Husbandry 
DILLON, JOHN LOUIS 
An empirical comparison of 
theoretical and actual decision 
making under uncertainty. 
Economics and Sociology 
DORWEILER, VERNON PAUL 
A radiotracer determination 
of entrainment in a bubble -cap 
column. Chemical Engineering 
EASH, DAVID TERRINGTON 
Thorium-yttrium alloy system. 
Metallurgy 
EGBERT, ALVIN CHARLES 
Programming regional 
adjustments in resource use 
for grain production. 
Economics and Sociology 
EICHBERGER, WILLIS GEORGE 
Economic evaluation of 
drainage benefits. 
Economics and Sociology 
EVERETT, TRAVIS REX 
Effect of date of planting and 
hybrid resistance of field corn 
on European corn borer 
populations . 
Zoology and Entomology 
FAIRCHILD, MAHLON LOWELL 
European corn borer control 
with granular formulations of 
endrin, heptachlor and 
toxaphene. 
Zoology and Entomology 
FARRELL, KENNETH R. 
Economic aspects of grain 
storage in north central 
United States . 
Economics and Sociology 
FIELDER, LONNIE LEE, JR. 
Alternative parity formulas 
for cotton. 
Economics and Sociology 
FITZWATER, DONALD ROBERT 
Structures of some hydrated 
rare earth ethysulfate s . 
Chemistry
FRIESEN, BENJAMIN S . 
Studies on the tobacco mosaic 
virus nucleic acid. Physics 
FROEMSDORF, DONALD HOPE 
Directive effects in elimination 
reactions. Chemistry
GAGE, ROBERT STANLEY 
Photosynthate translocation. 
Botany and Plant Pathology 
GATHERUM, GORDON E. 
Establishment of forest tree 
seedlings. Forestry  and 
Botany and Plant Pathology 
GOERING, ORLANDO JAMES 
Marriage among high school 
girls in Iowa. 
Economics and Sociology 
GROVER, BEN LEO 
Non-steady state water tables 
of the drainage. Agronomy
GWYNN, GEORGE RICHARD 
Relation between means and 
components of genotypic variance 
in biparental progenies of a 
variety of maize. Agronomy 
HARRENSTIEN, HOWARD PAUL 
Configuration of shell structure 
for optimum stresses. 
Theoretical and Applied Mechanics 
HICKSON, DONALD A. 
A study of adsorption processes 
occurring at an ideally polarizable 
electrode-solution interphase. 
Chemistry
HINKEB EIN, JOHN ARNOLD 
Equilibrium in the reaction of 
barium with calcium chloride. 
Chemistry
HOGSETT, MELVIN LEE 
Genetic analysis of performance 
factors in white leghorn pure 
strains and strain crosses. 
Poultry Husbandry 
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HORNER, ETHEL LEE JEWELL 
Relation between educational 
philosophies of home economics 
and beliefs concerning the core 
for college home economics 
curricula. 
Home Economics Education 
HUDSON, JAMES FRANCIS 
Accuracy of pricing cottonseed 
for crushing purposes in 
Louisiana . 
Economics and Sociology 
HUGHES, MARK BERNARD 
Some correlations between 
organosilicon compounds and 
organogermanium compounds. 
Chemistry
HUNT, DONNELL RAY 
Turbo-gasifier and air inductor 
for crop drying. Agricultural 
Engineering and Theoretical 
and Applied Mechanics 
JASINSKI, RAYMOND JOSEPH 
Emission spectrographic 
determination of nitrogen in 
steels. Chemistry
JENSEN, STANLEY DEAN 
Combining ability of unselected 
inbred lines of corn from 
incomplete diallel and top-
cross tests. Agronomy
JOHNSON, GONWELL WINSTON 
Effect of thyroactive compounds 
on lactating sows . 
Animal Husbandry 
JOHNSON, JACK D. 
Economic factors affecting 
cattle prices at Appalachian 
auctions . 
Economics and Sociology 
KATTI, RAMANATH KESHAVARAO 




Exchange and chemical reac-
tions of cyclopentadienyl cobalt 
compounds. Chemistry 
KEYS, RICHARD TAYLOR 
Initiation-inhibition relationships 
in styrene polymerization. 
Chemistry
KODRES, UNO ROBERT 
Characterization of functions 
whose second differences 
approach zero. Mathematics
LAGERSTROM, JOHN EMIL 
Electronic power system loading. 
Electrical Engineering 
LEONARD, ROY JUNIOR 
The pozzolanic activity of certain 
fly ashes and soil minerals. 
Civil Engineering, 
LICHTENWALTER, GLEN DALE 
Organosilylmetallic compounds 
and derivatives. Chemistry
LOVELL, JAMES EDGELEY 
Cytomorphosis of porcine 
spermatozoa as related to 
artificial insemination. 
Veterinary Anatomy 
MA, JOSEPH TOA-SENG 
Dropwise condensation on a long 
vertical pipe. Mechanical 
Engineering and Theoretical and 
Applied Mechanics 
MARQUESS, CARRIEMAE GARNES 
Factors affecting the quality of 
roasted turkey. Institution 
Management and Food and 
Nutrition 
MARTIN, NATHANIEL FRIZZEL G. 
Metric density of sets. 
Mathematic s 
MC CARTHY, WILLIAM OWEN 
Relation of fertilization rates to 
pasture yield and utilization. 
Economics and Sociology 
MONTGOMERY, WILLIAM DUANE 
Cleavage of inseparable field 
products . 
Mathematic s 
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NAKAYAMA, FRANCIS S. 
Gas sorption by soils and clay 
minerals. Agronomy
NIE LSEN, DONALD RODNEY 
Movement of water in 
unsaturated soils as related 
to soil physical properties. 
Agronomy 
N~LSSON, JAMES WILLIAM 
Power loss surface for a pi 
circuit with susceptive shunt 
elements . 
Electrical Engineering 
PAULSEN, ARNOLD ALLEN 
Evaluation of production 
control policies wi~,:h respect 
to ~~gricultural adjustment. 
Economics and Sociology 
PAVELIS, GEORGE ANTHONY 
Ecanomic planning within 
small agricultural ~,~ater s beds . 
Economics and Sociology 
PETERSON, GLENN WALTER 
Transmission and latency of 
cherry necrotic ring spot 
virus in Prunus tomentosa. 
Botany and Plant Pathology 
PETR, FRANK CHARLES 
Genotypic correlations, 
dominance and heritability of 
quantitative characters of oats. 
Agronomy 
PHILLIPS, RONALD EDWARD 
Soil compaction and corn 
growth. Agronomy 
PICKETT, MARY SMITH 
Guides for evaluation of 
mass-produced storage units 
and counter space in home 
kitchens. Household Equipment 
and Economics and Sociology 
RAAB, WALLACE ALBERT 
Virtual mass of a deformable 
body. Mathematics
RATCLaFF, LANTIS 
Factors affecting nutrient 
utilization by dairy calves. 
Animal Husbandry 
R.AUN, ARTHUR PHILLIP 
Effect of goitrogenic materials 
on thyroidal activity and feedlot 
performance of ruminants. 
Animal Husbandry 
RAWLS, WILLIAM SHELTON 
The determination of photo-
neutron thresholds. 
Vocational Education 
RICHARDS, ALLEN BAKER 
Some effects of federal grain 
programs on country elevators 
in Iowa. 
Economics and Sociology 
RUCH, RICHARD JULIUS 
Wetting at the solid-solution 
interface as a function of solute 
adsorption. Chemistry 
SCHELKGPF, RUSSELL LEVOY 
The application of certain 
methods for the determination of 
the presence of pain in the dog 
during decompression. 
Veterinary Physiology 
SCOTT, CHARLES OWEN 
Sorption of orthophosphate and 
nonorthopho sphate pho sphoru s 
by soils. Agronomy
SHOVE, GENE CLERE 
Air flow analysis of grain 
ventilation ducts. Agricultural 
Engineering and Theoretical and 
Applied Mechanics 
SMITH, CHARLES 
Efficiency of testing schemes in 
swine. Animal Husbandry 
STORY, PAUL RICHARD 
Synthesis and reactions of some 
2, ?-disubstituted nor bornanes. 
Chemistry
STREET, PAUL FRANKLIN 
Effects of antibiotics on control 
of angular leaf spot of cotton. 
Botany and Plant Pathology 
STRITZEL, JOSEPH A. 
Agronomic and economic evalua-
tion of direct and residual crop 
responses to various fertilizer 
nutrients . Agronomy and 
Economics and Sociology 
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STRUVE, WILLIAM MARSHALL 
Drying and germinability of 
maize. 
Botany and Plant Pathology 
SUMMERS, CHARLES EUGENE 
Nutritional significance of 
linseed mucin in ruminant 
rations. Animal Husbandry 
SUTULA, CHESTER LOUIS 
Structure, molecular orienta-
tion a.nd mechanically induced 
reorientation of molecules in 
multimolecular films of long -
chain n-hydrocarbon 
derivatives. Chemistry
SU ZUKI, ISAMU 
Fixation of carbon dioxide by 
chemoautrophic bacteria. 
Bacteriology
TAYLOR, HOWARD LEWIS 
Statistical sampling for soil 
mapping surveys. Statistics
and Economics and Sociology 
TOY, ST. JOSEPH 
Effects of paraffin waxes on 
growth and physiology of rose 
plants. Horticulture and 
Botany and Plant Pathology 
TRULSON, OLOF CONRAD 
Cohesive energies of some 
rare earth metals. Physics 
TRUSCOTT, JOHN DIMOND 
Genetic and environmental 
factors in breeding smooth 
bromegrass, Bromus inermis 
Leyss. Agronomy
TUAZON, LOURDES O. 
The nature of cerium (IV) in 
aqueous nitric acid solution. 
Chemistry
UDELHOFEN, JOHN HENRY 
Novel reactions of oxindole 
compounds. Chemistry 
VOIGT, ROBERT LEE 
Effectiveness of selection 
methods for yield in soybean 
crosses. Agronomy 
WALKER, ODELL LARRY 
Game theory applications in 
agricultural decisions . 
Economics and Sociology 
WALLACE, DJANE CONRAD 
Specific heat of thorium at high 
temperatures. Physics
WALLACE, TERRY CHARLES 




Addition of hydrogen bromide 
to cyclohexadiene. Chemistry 
WELCH, LOUIS FREDERICK 
Availability of nonexchangeable 
potassium and ammonium to 
plants and microorganisms. 
Agronomy 
WE5TLAKE, DONALD GILBERT 
Absorption and diffusion of 
hydrogen in thorium. 
Metallurgy 
WHEELOCK, THOMAS DAVID 
Desulfurization of gypsum. 
Chemical Engineering 
WILBUR, ROBERT D. 
Intestinal flora of the pig as 
influenced by diet and age . 
Animal Husbandry and 
Bacteriology
WILLIAMS, ROBERT MAXWELL 
Mechanism of the reaction of 
diazomethane with Z, 4-pentane-
dione synthesis of sterically-
hindered ~i-diketones. 
Chemistry
WOOLLEY, DONALD GRANT 
Factors affecting, and methods 
for measuring low temperature 
tolerance of alfalfa, Medicago 
sativa L. Agronomy 
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YEH, HSIANG HSING ZYSKIND, GEORGE 
Fertilizer demand functions of Error structures in 
United States farmers . experimental designs . 
Economics and Sociology Statistics 
YOUNT, RALPH GRANVILLE 
The mechanism of thiamine 
action. Chemistry
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OF THE IOWA STATE UNIVERSITY FOR 
THE ACADEMIC YEAR 1958-59 
Certain summaries and indices are of interest in a survey of the publica-
tions of members of the staff of an educational and research institution such 
as the Iowa State University. The publications are listed in alphabetic order 
under the names of the senior authors. Junior authors are also listed alpha-
betically with cross reference to senior author. 
SUMMARY 
Number of individuals listed  757 
Number of publications   813 
Number of publications with single author  351 
Number of publications with joint authorship   462 
Number of departments or fields represented in publications   51 
Number of individuals who serve as editors or on the editorial 
staff of one or more scientific or technical periodicals   47 
Individuals thus serving are: Atkins, Ayres, Barnes, Bear, Biester, Bird, 
Black, C.A. , Buchanan, R.E. , Burchinal, Carlander, Dahm, Davis, 
Diehl, Dwelle, Fassel, Getty, Gilman, H. , Handy, Heath, Heer, Hughes, 
Hurley, Johnson, I. J. , Kempthorne, Kenkel, Kirkham, Knight, Koupal, 
Kuetemeyer, Kutish, Larson, W.E. , Lockhart, Loomis, Mahlstede, J. D. 
McNabb, Phillips, Rothenbuhler, Simons, Smith, F. G. , Snedecor, Swan-
son, Swenson, M. J. , Thielman, Tintner, Wardle, Weber, Werkman. 
INDEX TO PUBLICATIONS BY DEPARTMENTS OR FIELDS 
The numbers which follow the names of the departments refer to the index 
number of the alphabetic list by authors. 
Aeronautical Engineering: Total 2 -
Total 26 -
11, 16, 51, 
235, 350, 441, 
508, 509, 534, 
Animal Husbandry Cony t -
241, 320, 349, 
431, 432, 433, 









Numbers 135, 136. 
Agricultural Engineering: 
234, 238, 239, 
372, 397, 413, 
443, 477, 520, 




















763. Bacteriology: Total 
Agronomy: Total 94 -Numbers 2, 8, 98, 102, 103, 104, 105, 202, 203, 326, 
27, 28, 38, 39, 71, 99, 122, 123, 339, 340, 341, 501, 707, 708, 791. 
124, 125, 132, 133, 146, 173, 174, 186, Botany: Total 56 -Numbers 1, 4, 
197, 198, 207, 208, 210, 245, 299, 334, 22, 100, 171, 177, 199, 215, 216, 217, 
415, 42Z., 423, 430, 437, 438, 442, 454, 218, 219, 291, 292, 297, 324, 384, 402, 
455, 456, 457, 458, 459, 480, 481, 487, 424, 425, 426, 427, 428, 429, 442, 460, 
509, 519, 531, 555, 556, 558, 562, 564, 490, 491, 492, 494, 503, 504, 505. 509, 
565, 566, 567, 568, 569, 593, 594, 633, 522, 537, 538, 546, 559, 590, 645, 650, 
642, 643, 654, 655, 657, 658, 663, 664, 651, 678, 679, 680, 681, 682, 683, 684, 
665, 666, 667, 698, 699, 700, 701, 702, 698, 706, 762, 788, 789, 811. 









781, 782, 783, 785, Numbers 23, 50, 58, 
479, 614, 691. 
187, 461, 465, 
Animal Husbandry: Total 44 - Chemistry: Total 16$ -Numbers 6, 
Numbers 5, 











12, 20, 29, 
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Chemistry Cont. - 48, 49, 63, 64, Food and Nutrition: Total 9 -
70, 96, 97, 127, 137, 138, 141, 142, 
143, 149, 150, 151, 157, 158, 175, 176, 
180, 181, 182, 188, 189, 190, 191, 192, 
193, 194, 195, 196, 209, 212, 213, 214, 
224, 225, 226, 227, 231, 232, 242, 246, 
247, 248, 249, 250, 251, 252, 253, 265, 
266, 270, 271, 272, 273, 274, 275, 276, 
277, 278, 279, 280, 281, 282, 283, 284, 
285, 286, 287, 288, 289, 290, 319, 321, 
Numbers 108, 116, 211, 298, 403, 
486, 550, 581, 628. 
Forestry: Total 4 -Numbers 452, 
485, 538, 734. 
Genetics: Total 4 -Numbers 296, 398, 
596, 684. 
Geology: Total 15 -Numbers 73, 
312, 
74, 
313, 75, 307, 308, 309, 310, 311, 
385, 421, 488, 489, 584. 
322, 329, 330, 331, 332, 333, 341, 384, History, Government and Philosophy:
434, 435, 436, 444, 445, 448, 463, 464, Total 4 -Numbers 79, 80, 81, 
523, 524, 528, 536, 540, 595, 610, 611, 126. 
612, 613, 615, 619, 632, 634, 635, 636, Horticulture: Total 6 -Numbers 35, 
637, 638, 639, 640, 641, 644, 656, 686, 106, 592, 631, 739, 742. 
687, 688, 689, 690, 694, 695, 696, 697, Household Equipment: Total 6 -
709, 710, 711, 712, 713, 724, 725, 751, Numbers 72, 204, 591, 748, 749, 750. 
754, 775, 776, 777, 778, 779, 780, 792, Institution Management: Total 1 -
794, 797, 798, 799, 800, 801, 802, 804, Number 532. 
807, 808, 810. Industrial Engineering: Total 4 -
Child Development: Total 10 - Numbers 382, 383, 685, 761. 
Nurribers 108, 113, 260, 261, 262, Landscape Architecture: Total 2 -
263, 586, 587, 588, 589. Numbers 719, 720. 
Civil Engineering: Total 16 - Library: Total 1 -Number 577. 
Numbers 36, 153, 154, 155, 156, 159, Mathematics: Total 13 -Numbers 
164, I65, 172, 325, 3Z7, 400, 401, 416, 386, 396, 468, 525, 541, 618, 659, 660, 
417, 418, 551, 563, 668. 677, 736, 752, 753, 770. 
Dairy Industry: Total 6 -Numbers Mechanical Engineering: Total 2 -
35, 223, 235, 561, 759, 760. Numbers 300, 301. 
Economics and Sociolpgy: Total 115 - Modern  Languages: Total I -
Numbers 24, 25, 26, 60, 62, 66, Number 539. 
67, 108, 109, 110, 111, 112, 113, 115, physics: Total 27 -Numbers 14, 15, 
116, 160,160a,170, 184, 185, 186, 205, 18, 19, 55, 56, 57, 69, 131, 294, 
206, 230, 236, 254, 255, 256, 257, 258, 323, 341, 374, 399, 436, 482, 483, 484, 
259, 295, 338, 351, 352, 353, 354, 355, 646, 647, 648, 649, 652, 715, 721, 722, 
356, 357, 358, 359, 360, 361, 362, 363, 806. 
364, 365, 366, 371, 395, 404, 405, 406, Poultry Husbandry: Total 5 -
407, 408, 409, 410, 411, 412, 420, 446, Numbers 381, 394, 451, 570, 661. 
466, 467, 472, 473, 474, 475, 493, 502, psychology: Total 4 -Numbers 59, 
511, 513, 514, 515, 516, 521, 529, 572, 139, 447, 549. 
582, 583, 594, 597, 598, 599, 600, 601, Statistics: Total 27 -Numbers 161, 
602, 603, 604, 605, 606, 607, 608, 621, 162, 163, 178, 200, 201, 233, 234, 295, 
627, 662, 669, 670, 671, 672, 673, 674, 337, 338, 372, 419, 443, 450, 451, 498, 
675, 676, 693, 728, 729, 730, 731, 732, 530, 543, 547, 628, 692, 735, 736, 737, 
733, 735, 736, 737, 755. 758, 784. 
Electrical Engineering: Total 16 - Technical Journalism: Total 7 -
Numbers 13, 82, 83, 84, 85, 86, Numbers 117, 118, 237, 367, 368, 
87, 88, 89, 90, 91, 92, 93, 94, 369, 526. 
244, 527. Theoretical and Applied Mechanics: 
Engineering  Graphics: Total 3 - Total 6 -Numbers 78, 134, 268, 
Numbers 624, 625, 626. 269, .557, 740. 
English and Speech: Total 5 - Veterinary Anatomy: Total 6 -
Numbers 228, 229, 377, 756, 757. Numbers 145, 314, 315, 316, 317, 
318. 
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Veterinary Medicine and Surgery: Zoology and Entomology: Total 54 -
Total 4 -Numbers 453, 517, 518, Numbers 7, 17, 40, 95, 179, 243, 
585. 264, 293, 302, 303, 304, 305, 306, 335, 
Veterinary Obstetrics: Total 2 - 342, 343, 344, 345, 346, 347, 348, 373, 
Numbers 166, 620. 378, 379, 380, 440, 449, 462, 469, 470, 
Veterinary Pathology: Total 3 - 471, 476, 495, 496, 497, 498, 530, 574, 
Numbers 65, 622, 623. 575, 578, 579, 580, 617, 629, 653, 741, 
Veterinary Physiology and Pharma- 743, 771, 772, 773, 774, 787, 803, 809. 
cology: Total 3 -Numbers 512, 
716, 784. 
Vocational Education: Total 10 -
Numbers 66, 101, 107, 148, 183, 387, 
388, 389, 390, 391. 
INDEX BY RESEARCH INSTITUTES AND EXTENSION SERVICES 
Agricultural Experiment Station: Engineering Experiment Station: Total 
Total 236 -Numbers 
10, 11, 16, 17, 27, 










23 -Numbers 13, 
159, 164, 165, 172, 













105, -106, 108, 109, 110, 11 1, 112, 113, 668, 770. 
19:5, 116, 119, 120, 122, 123, 124, 125, Industrial Science Research Institute: 
128, 129, 130, 140, 146, 159, 167, 168, Total 36 -Numbers 7, 73, 75, 
178, 185, 186, 199, 207, 208, 210, 213, 202, 203, 271, 273, 276, 2$2, 283, 286, 
214, 215, 216, 217, 218, 220, 221, 222, 287, 288, 326, 405, 406, 407, 408, 409, 
223, 233, 234, 235, 238, 240, 245, 256, 410, 411, 450, 469, 470, 489, 501, 515, 
258, 260, 262, 263, 295, 320, 326, 334, 516, 578, 579, 580, 693, 707, 708, 787, 
335, 338, 339, 340, 343, 344, 351, 352, 801 
353, 354, 355, 356, 357, 359, 360, 361, Institute for Atomic Research: Total 
362, 363, 364, 365, 366, 370, 372, 378, 126 -Numbers 12, 14, 15, 18, 
381, 384, 385, 394, 413, 414, 423, 427, 19, 20, 29, , 30, 31, 33, 34, 37, 
428, 429, 430, 433, 434, 437, 438, 440, 41, 42, 43, 44, 45, 46, 47, 48, 
441, 442, 443, 446, 451, 454, 455, 456, 49, 50, 55, 56, 57, 58, 64, 69, 
457, 458, 459, 467, 469, 470, 471, 472, 70, 78, 127, 131, 141, 142, 143, 149, 
473, 474, 475, 477, 480, 481, 485, 486, 150, 151, 157, 158, 187, 188, 189, 190, 
487, 497, 498, 500, 502, 507, 508, 509, 191, 192, 193, 194, 195, 196, 209, 215, 
510, 512, 519, 530, 534, 538, 542, 543, 224, 225, 226, 227, 231, 232, 246, 247, 
545, 556, 558, 559, 562, 564, 565, 566, 248, 249, 250, 251, 252, 294, 319, 321, 
567, 568, 569, 570, 571, 574, 575, 576, 322, 323, 32q, 330, 331, 333, 374, 399, 
578, 579, 580, 591, 583, 592, 594, 596, 436, 444, 445, 448, 461, 463, 464, 465, 
613, 615, 616, 627, 628, 629, 630, 645, 482, 483, 484, 523, 524, 528, 536, 595, 
653, b54, 655, 657, 658, 663, 664, 665, 610, 611, 612, 632, 646, 647, 648, 649, 
666, 667, 669, 670, 674, 675, 682, 683, 652, 656, 686, 687, 688, 689, 690, 691, 
684, 692, 698, 700, 701, 702, 703, 704, 694, 695, 696, 697, 709, 710, 711, 712, 
723, 733, 745, 746, 747, 748, 749, 750, 713, 715, 721, 722, 751, 754, 792, 794, 
759, 760, 765, 767, 781, 782, 783, 784, 806. 
785, 786, 787, 788, 790, 803, 805, 808, Statistical Laboratory: Total 23 -
810. Numbers 161, 162, 163, 200, 201, 
Agricultural and Home Economics 233, 234, 235, 295, 337, 338, 372, 419, 
Extension Service: Total 10 - 450, 498, 530, 543, 547, 628, 692, 735, 
Numbers 216, 217, 256, 258, 370, 737, 784. 
432, 442, 535, 609, 763. Veterinary Medical Research Institute: 
Agricultural Adjustment Center: Total 17 -Numbers 






552, Total 2 -Numbers 236, 446. 
553, 554, 717, 718, 812, 813. 
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AUTHORS AND PUBLICATIONS 
I. Aaes-J~rgensen, Erik, E.E. Leppik, H.W. Hayes and R.T. Holman. 
Essential fatty acid deficiency. II. In adult rats. Jour. Nutr. 66(2): 
245-259. 1958. 
2. Abrams, R. and K. J. Frey. Effect of recurrent x-radiation on germina-
tion and seedling vigor in oats. Proc. Iowa Acad. Sci. 65:174-183. 
1958. 
3. Acker, R. F. , P. A. Hartman, J. R. Pemberton and L. Y. Quinn. The 
nutritional potential of poultry offal. Poultry Sci. 38:706-71I. 1959. 
Adams, C.I. , joint author. See under Banks. 
Adams, W.H., joint author. See under Speddir~g. 
Ahrens, J. F. , joint author. See under Melhus. 
4. Aikman, J.M. Prairie research in Iowa. Amer. Biol. Teacher. 21:
9-11. 1959. 
  joint author. See under Hendrickson. 
5. Aldinger, S. M. , V. C. Speer, G. C. Ashton, V. W. Hays and D. V. Catron. 
Effect of feeding different combinations of soft phosphate with collidal 
clay and dicalcium phosphate with and withot*.t added fluorine for grow-
ing-finishing swine. Jour. Animal Sci. 18:555-560. 1959. 
6. Aldrich, P. E. , P.A. Diassi, D. F. Dickel, C.M. Dylion, P.D. Hance, 
C, F. Hubner, B. Korzun, L. H. Liu, H. B. MacPhillamy, E. W. Robb, 
D. K. Roychaudhuri, E. Schlittler, A. F. St. Andre', E.E. van Tamelen, 
F. L. Weisenborn, E. Wenkert and O. Wintersteiner. The stereo -
chemistry of reserpine, deserpidine and related alkaloids. Jour. 
Amer. Chem. Soc. 81:2481-2494. 1959. 
Allen, R. S. , joint author. See under Bush, Foreman, Frape, Ratcliff. 
7. Allenspach, Allan L. and Howard L. Hamilton. Closure and reopening 
of the esophagus in the chick. The Anatomical Record. 134:525. 1959. 
8. Allos, H. F. and W. V. Bartholomew. Replacement of symbiotic fixation 
by available nitrogen. Soil Sci. 87:61-66. 1959. 
Almfeldt, M. W. , joint author. See under Rising. 
Alsmeyer, W. C. , joint author. See under Harrenstien 
9. Altman, L. B. , Jr. ,and L. F. Charity. Heating houses electrically. Iowa 
Farm Science 13 4):8-10. 1958. 
10.     Diversity of farm loans. Applications and Industry, AIEE 
Transaction Papers. pp. 439-443. Nov. , 1958. 
11.     Report on Iowa electric house-heating study - 1958. U.S. 
Dept. of Agric., Agricultural Research Service Bull. ARS-42-28. 
12 pp. May, 1959. 
12. Amma, E. L. and R. E. Rundle. Electron deficient compounds. VIII. The 
crystal and molecular structure of trimethylindium. Jour. Amer. 
Chem. Soc. 80:4141-4145. .1958. 
I3. Anderson, G. S. and S. Legvold. Conduction electron-magnetic ion inter-
action in rare earths. Phys. Rev. Letters. 1:1-2. 1958. 
14.  _   and F. H. Spedding. Hall effect in Lu, Yb, Trn, and Sm. 
Phys. Rev. 111:1257-1258. 1958. 
15. Anderson, J.H. and K.K. Barnes. Electrical power transmission and 
loan analysis for a combine. Ia. Agr. and H. Economic Exp. Sta. 
Spec. Report. No. 23. 20 pp. 1958. 
Anderson, L. L., joint author. See under Day. 
16. Anderson, M. A. and E. T. Hibbs. Electrometric and biological evalua-
tions of Thimet residues in greenhouse chrysanthemums. Ent. Soc. 
Amer. , North Central Branch Proc. 14: 1959. 
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17. Anderson, P. M. Recent improvements on the A-C network analyzer. 
Proc. , 21st. Ann. Amer. Power. Confer. 1959. 
Aoki, D. , joint author. See under Gilman, H. , Wittenberg. 
18. Arajs, S. and S. Legvold. Free convectional heat transfer from a single 
horizontal wire. Jour. Chem. Phys. 29:697-699. 1958. 
19. Electroconvectional heat transfer in gases. Jour. Chem. 
Phys. 29:531-536. 1958. 
20. Armstrong, P.E. , O. N. Carlson and J.F. Smith. The elastic constants 
of thorium single crystals in the range, 77-400°K. Jour. Appl. Phys. 
30:36-41. 1959. 
21. Armstrong, Ray E. Farm custom rate guide for 1959. Iowa Farm 
Science. 13(7): 2 pp. 1959. 
Arnbal, Carl A. , joint author. See udder Rising. 
22. Arnoff, S. and K.J. Frey. Use of radioisotopes in selected aspects of 
plant physiology and of radiation in plant breeding. Radiation Bio-
logical Medicine Atoms for Peace Conference, Chapter 25. 
23. Arnold, L.K. and Beverly J. Schriver. Comparative solubility of protein 
in cottonseed flakes extracted by hexane and by ethanol. Proc. Iowa 
Acad. Sci. 65:230-233. 1958. 
  joint author. See under Rao. 
24. Arthur, I. W. Vocational education for non-farm jobs in southern Iowa. 
Agricultural Adjustment Center, I. S.C. , March, 1959. 5 pp. 
25.   Opportunities and needs for non-farm vocational education in 
Iowa. Agricultural Adjustment Center, I. S.C. , September, 1958. 
21 pp . 
26.   Adequacy of vocational-technical training facilities for rural 
youth in America. National Planning Association. 1959. 15 pp. 
Ashton, G. C. , joint author. See under Aldinger, Heady. 
27. Atkins, R. E. and J.G. Wheat. Those new barley and flax varieties. 
Iowa Farm Science. 13:10-12. 1959. 
28.     C. D. Hutchcroft and E.S. Dyas. Iowa grain sor"ghum 
performance tests 1954-1958. Iowa Agr. Exp. Sta. Agron. 456. 
January, 1959. 
 , Consulting Editor. Agronomy Journal. 
joint author. See under Wheat. 
29. AtOji, M. On the cubic spherical harmonics. Jour. Math. and Phys. 
38:73-74. 1959. 
30.   Spherical fourier method. Acta Crystallographica. 11:827-829. 
1958. 
31.   Anhydrite obtained by the dehydration of gypsum. Jour. Chem. 
Phys. 30:341-342. 1959. 
32.   The structures of calcium dicarbide and uranium dicarbide by 
neutron diffraction. Jour. Math. and Phys. 38:73-74. 1959. 
33.   K. Gschneidner, Jr. , A.H. Daane, R. E. Rundle and F.H. 
Spedding. The structures of lanthanum dicarbide and sesquicarbide 
by X-ray and neutron diffraction. Jour. Amer. Chem. Soc. 80:1804-
1808. 1958. 
34. and R. E. Rundle. A neutron diffraction study of gypsum, 
CaSO42HZ0. -Jour. Chem. Phys. 29:1306-1311. 1958. 
Aubel, . C. E. , joint author. See under Swenson, M. 
35. Ayres, J.C. and E. L. Denisen. Maintaining freshness of berries using 
selected packaging materials and antifungal agents. Food Tech. 12(10): 
562-567. 1958. 
Member of Editorial Board. Applied Microbiology. 
joint author. See under Fanelli, Walker, 
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36. Babbitt, H.E. and E. Robert Baumann. Sewerage and sewage treatment. 
John Wiley and Sons. Ed. 8. 790 pp. 1958. 
37. Bailey, D.M. , O. N. Carlson and J. F. Smith. The aluminum-rich end of 
the aluminum-vanadium system. Trans. Amer. Soc. for Metals. 51:
1097 -1102. 1959. 
38. Baltensperger, A. A. and R. R. Kalton. Variability in reed canarygrass, 
Phalaris  arundinacea L. I. Agronomic characteristics. Agron. Jour. 
50:659-663. 1958. 
39.     Variability in reed canarygrass, Phalaris  arundinacea L. 
II. Seed shattering. Agron. Jour. 51:37-38. 1959. 
40. Bancroft, T.A. and T.A. Brindley. Methods for estimation of size of corn 
borer populations. Proc. , 10th. Internat' 1. Congr. of Entomol. 2:
1003-1014. 1958. 
  joint author. See under McGuire. 
41. Banks, C. V. Analysis of thorium. Proc. , 2nd. U. N. ~nternat' 1. Conf. 
on the Peaceful Uses of Atomic Energy. United Nations. 
42.   Recent developments in the analytical chemistry of thorium and 
its compounds. U. S. Atomic Energy Commission TID-7555. pp. 79-
144. 1958. 
43.   C.I. Adams and J. Richard. Solubility of vic-dioximes in urea 
solutions. Analytica Chimica Acta. 19:531-539 1958. 
44, and D. W. Barnum. Intermolecular metal-metal bonds and sol-
ubility of some nickel and palladium complexes of vic-dioximes. 
Jour. Amer. Chem. Soc. 80:3579-3582. 1958. 
45. Intermolecular metal-metal bonds and absorption spectra 
of some nickel (I13 and palladium (II) complexes of vic-dioximes. Jour. 
Amer. Chem. Soc. 80:4767-4772. 1958. 
46. K. E. Burke and J. W. O' Laughlin. The determination of fluorine 
in rare earth fluorides by high temperature hydrolysis. Analytica 
Chimica Acta. 19:239-243. 1958. 
47.   J.P. LaPlante and J. J. Richard. Preparation of 4-carboxy-1, 2-
cyclohexanedionedioxime. Jour. Organic Chem. 23:121p-1211. 1958. 
48.   J.A. Thompson and J. W. O' Laughlin. Separation and determina-
tion of small amounts of rare earths in uranium.. Analyt. Chem. 30:
1792-1795. 1958. 
49. and R. E. Yerick. Chelating properties of N_, _N, N' , N' -tetrakis 
~hosphonomethyl~ -1, 2-cyclohexanediamine. Analytica Chimica Acta. 
20:301-314. 1959. 
50. Barghusen, J., Jr. and M. Smutz. Processing of monazite sands.' Indust. 
and Eng. Chem. 50:1754-1755. 1958. 
  joint author See under Knapp. 
51. Barnes, Kenneth K. Progress in harvesting and handling forage. Proc. , 
12th Ann. Meet. Amer. Soc. of Range Management. pp. 18-21. 1959. 
52.   Progress in harvesting and handling forage. 1959 Grassland 
Proc. pp. 61-63. 1959. 
53. Men, money and machines in farming. Proc. 72nd Ann. Conv. , 
Iowa Bankers Assoc., 1958, Des Moines, October 19, 20, 21, 22, 1958. 
pp. 102-104. 1958. 
54. T.W. Casselman and D. A. Link. Field efficiences of 4-row and 
6-row equipment. Agric. Eng. 40(3):148-150. 1959. 
joint. author. See under Anderson, J.H. , Link, McLeod. 
55. Barnes, R. G. and R. D. Engardt. Unusual temperature dependence of 
bromine quadrupole resonances in TiBr4. Jour. Chem. Phys. 29:248-
249. 1958. 
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56.     and R. A. Hultsch. Nuclear magnetic resonance determina-
tion of activation volume for diffusion in lithium. Phys. Rev. Letters. 
2:202-204. 1959. 
57.   and R. A. Hultsch. Indirect nuclear spin-spin interactions in pure 
quadrupole resonance spectra. Phys. Rev. 1:227-228. 1958. 
  Board of Editors. Review of Scientific Instruments. 
  joint author. See under Casabella. 
Barnum, D. W. , joint author. See under Banks. 
58. Baroch, C.J. , M. Smutz and E.H. Olson. Processing of California 
bastnasite ore. Mining Eng. 214:315-319. 1959. 
Barron, G. L. , .joint author. See under Lichtwardt. 
Bartholomew, W. V. , joint author. See under Allos. 
Bassi, B.S. , joint author. See under Csanyi. 
59. Bath, John A. The self -identified problems of college students. Proc. 
Iowa Acad. Sci. 65:405-410. 1958. 
  joint author. See under Charles. 
60. Bauder, W. W. What do Iowa farmers think of OASI? Iowa Farm Science. 
13:5-7. 1959. 
61. Bauer, D. C. and E. V. Mcrse. Variation and hemolysin production in 
relation to virulence of Leptospira pomona. Proc. Soc. for Exptl. 
Biol. and Med. 98:505-508. 1958. 
Baum, E. L. , joint author. See under Heady. 
Baumann, E. R. , joint author. See under Babbitt. 
62. Beal, G. M. and E.M. Rogers. The scientist as a referent in the com-
munication of new technology. Pub. Opinion Quart. 22:555-563. 1958. 
63. Bear, Richard S. Nucleoproteins. in: The Encyclopedia of Chemistry 
Suppl. pp. 206-208. Reinhold Publishing Corporation, New York. 1958. 
  Member of Editorial Board. The Journal of Biophysical and Bio-
chemical Cytology. 
64. Beaudry, B.J. and A. H. Daane. The antimony-uranium system. Trans. 
Metallurgical Soc. Amer. Inst. of Mining, Metallurgical and Petroleum 
Eng. 215:199-204. 1959. 
65. Benbrook, E.A. Outline of parasites reported for domesticated animals 
in North America. 67 pp. Iowa State College Press. 1958. 
66. Beneke, R. R. and T.R. Robinson. Agricultural adjustment and resources 
for vocational agriculture. The Agricultural Education Magazine 31(12): 
269-272. 1959. 
Bennett, P. C. , joint author. See under Hofstad. 
67. Benson, Patricia. Philanthropy in the U.S.A. Maral. 1;5-8. 1959. 
New Delhi, India. 
68. Beresford, Hobart. Men, money and machines in farming. Proc. 72nd 
Ann. Conv. , Iowa Bankers Assoc. , 1958, Des Moines, October 19, 20, 
21, 22, 1958. pp. 96-101. 1958. 
69. Bernardes, N. and H. Primakoff. Theory of solid He3. Phys. Rev. 
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